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SUHHABT 


Volume II of the Boeing report on the IPAD feasibility 
study establishes the extent to which IPAD is to relate to the 
design process. This is achieved by recommending the kind and 
degree of design that is to be done within IPAD, and by 
developing a catalog of the technical computer code required to 
do that design. 

Two projects were chosen for study. These were a subsonic 
commercial transport (Project 1) , and a supersonic commercral 
transport (Project 2) . In addition a brief study was made of a 
naval hydrofoil. Prior to establishing the design process for 
these Projects in detail, the general project environment was 
divided into nine levels, arranged into three sections. These 
levels provide the interface with the total time related 
activities for aerospace products and provide control of the 
technical process. 

The first section is the IPAD interface with continuing 
research, from which new technical code elements and data are 
incorporated into IPAD, This section has only one Level. The 
second section is comprised of four Levels and is concerned with 
the preliminary design of the product. The four Levels in this 
section are: Design Mission and Criteria Selection, Design 
Sizing, Design Refinement, and Design Verification. The third 
section is concerned with the detail design and manufacture of 
the product, and is also comprised of four Levels^. They are: 
Product Detail Design, Product Manufacture, Product Verification 
and Product Support. For each of these Levels, the extent of 
design and analysis, the computational resources required, and 
the resultant accuracy of the answers will be known to 
management. After review of the results of each Level, 
management may commit the design sequence to the next Level. 

The detailed design network in the Preliminary Design 
section is developed in detail for Projects 1 and 2, Each 
element of technical code, denoted Technical Program Elements, 
IS identified for that network, and are presented in Volume V. 
This catalog provides a list of required technical capabilities, 
and supports the determination of computing hardware 
requirements . 

Optimization techniques and a recommended strategy for 
their application to the design networks are are discussed. 
Three classes of optimization are identified for the IPAD 
environment. They are direct or mathematical programming, which 
IS computer controlled; trade-off studies, which are done by a 
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combluation of user control and computer control; and sequential 
model refining, «hicli is entirely a user-controlled process. 

The information drawn from the study of Projects 1 and 2 is 
used to prepare requirements for the support of the design 
process. These requirements are presented in Volume III. 

A recommended implementation strategy is presented. The 
initial implementation should provide a suitable balance between 
technical capability and system capability. There must be 
adequate Technical Program' Elements available to support the 
development and check-out of the IPAD System software and to 
provide the minimum technical capability which will justify the 
initial development cost of IPAD. This would include the first 
parts of the Preliminary Design Levels for Projects 1 and 2, and 
the design-manufacturing interface, which would be somewhat 
product independent. The long term development would complete 
the technical capabilities for all the Levels. Then, for future 
development, the IPAD System will support the changing nature of 
the tasks associated with the design of the product, by 
improving existing technical disciplines, and adding or 
discarding other technical disciplines as the state of the art 
advances. 

The questions of Task. 1 and selected questions of Task 2 
are answered. In general, these answers state that IPAD should 
eventually be applied to any product that requires control of a 
large data base. It should be applied to all parts of the 
product design process and manufacturing dn<-erface. The 
division of product .activity into levels gives management the 
ability thru IPAD to control the optimum balance between level 
of analysis, computing cost and flow time. It is clear to those 
who have conducted tnis feasibility study that an IPAD which 
meets the objectives established in this Volume will be a 
national resource, and will contribute significantly to the 
advancement in the state of the art of aerospace vehicle design. 
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1.0 INTBODUCTION 


This volarae reports the findings of Task 1 of the IPftD 
feasibility study relative to the required support of the design 
process. The purpose of Task 1 was to determrne the extent to 
which IPAD should support the design process and to identify the 
following: (1) the aspects of the design process which should be 
carried out by IPAD and the degree of design detail to be 
modeled; (2) the availability and adequacy of computer programs 
which are currently available for IPAD and (3) the areas where 
suitable programs are not available and to recommend the areas 
where programs should be developed. 


1.1 OBJECTIVES. 

The following objectives were established to determine the 
required support of the design process: (1) to identify design 
logic which an IPAD executive and data base management system 
would be required to support; (2) to identify strategy for 
optimization; (3) to determine the aspects for a short term and 
a long term IPAD implementation strategy and <4) to provide a 
library of technical program elements (existing and required 
computer code) which perform the design and analysis required to 
support the design logic. 


1.2 BACKGROUND 

The Studies reported in this volume were to define 
technical requirements for the IPAD system, based on needs 
identified by a representative group of experienced users. 
Initial tasks involved the construction of network models of the 
design process for two representative projects of the type that 
IPAD must support. These models have provided essential 
background for team discussions of critical interdisciplinary 
problems and for the appraisal of existing computational 
capabilities, identification of current deficiencies. 
Information from Section 4 (design and analysis iteration loops 
in the design networks, and associated task descriptions) and 
from the Catalog of Technical Program Elements in Volume V have 
provided background for the analysis of optimization strategies 
reported in Section 5 and answers to the Task 1 and Task 2 
question reported in Section 2. 

It is emphasized that the project design networks presented 
in Section 4 are examples only, not fixed models of the design 
and decision process. Rather they should be viewed as an 
engineering input which is pertinent to the IPAD system design. 
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since the design and analysis of the IPAD system itself should 
be viewed as an iterative process, the information in this 
Volume should in fact be regarded as the initial user inputs. 
Finally, the material presented here should provide some basis 
to judge the need for an IPAD system and to evaluate potential 
benefits from its implementation. 
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2.0 ANSWERS TO TASK QUESTIONS 


2.1 GENERAL 

The answers to Task. 1 and Task 2 questions which relate to 
the support of the design process are presented in the following 
sections. All Task 1 questions and several Task 2 questions are 
answered here. The remaining Task 2 questions relate to user 
requirements or to the IPAD system design and are answered in 
Volumes III and IV. A discussion has been included following 
each answer to clarify or expand the informatior and in some to 
relate the answers to sections of this document where additional 
information may be found. Many of the answers to the task 
questions refer to Design Levels. These levels are discussed in 
detail in Section 3 and 4 and are considered essential to permit 
rigorous management control of the IPAD design process. 


2.2 TASK 1 QUESTIONS (1, 2 , 3, 4, 5, 6, 7, 8, 9, 10, 11 6 12) 

Ta sk 1^ Q uestion 1 — What different disciplines should be 

involved? 

A^^r — The character ization of the design process for 
Project 1 and Project 2 indicate that a large number of 
disciplines are involved to varying degrees in Design Levels II 
to VI. The titles for each discipline may vary from company to 
company, but the activities will remain the same. The list of 
disciplines is as follows; 


(1) 

Aerodynamics 

(11) 

(2) 

Configuration design 

(12) 

(3) 

Dynamic loads 

(13) 

(4) 

Flight control systems 

(14) 

(5) 

Finance 

(15) 

(6) 

Flutter 

(lb) 

(7) 

Geometry lofting 

(17) 

(3) 

Management info, system 

(18) 

(9) 

M ar keting 

(19) 

(10) 

Mathematics support 

(20) 


Noise 

Performance 

Propulsion 

Reliability & Maintainaoilit y 
Stability and control 
Static loads 
Stress 

Structure design 
Systems design 
Weights 
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Di scussio n — The technical design and analysis capability 
must include all disciplines which influence the size, 
arrangement and performance of a product. In addition, the 
finance, marketing and manufacturing factors which influence the 
product size and performance must be identified and accounted 
for in the technical definition of the product. 

Tas k 1, Que s tion 2 — What disciplines are already adequately 
represented by existing codes? Which ones are missing? 

Ans we r — The disciplines of geometry lofting, mathematics, 
noise and product assurance (reliability) are adequately 
represented by existing codes. The discipline of structural 
design and the preliminary design management information system 
are missing. This is based on a Boeing Company survey. 

D is cu ss ion — Of the twenty technical disciplines identified 
during the characterization of the design process, the 
disciplines of geometry lofting, mathematics, noise and product 
assurance (reliability) are adequately represented by existing 
code. The disciplines of aerodynamics, flight control systems, 
finance, propulsion, static and dynamic loads, flutter and 
stress have over half the indicated code presently available. 
The disciplines of configuration design, marketing, performance, 
stability and control, systems and weights have less than half 
the required code available now, although code is under 
development in many of these areas. The discipline of 
structural design and the preliminary design management 
information system are missing, and no code is currently under 
development. These indications are based on a Boeing survey, 
and are subject to some change at other sources. This subject 
is discussed in Section 6.0, 

T ask 1, Que st ion 3 — What disciplines have to be represented * 
primarily by experimental data? 

Answ er - -Stability and control, static loads and noise are 
highly dependent on experimental data in Design Levels V and VI. 
Aerodynamics and flutter are dependent to a lesser degree in 
these levels. The propulsion system will be represented almost 
totally by experimental data, beginning with Design Level IV. 
Nearly all disciplines require statistical data in Levels II to 
IV. Statistical data is considered separately as Task 1, 
Question 6. 

D iscussion 

(1) In Design Levels V and VI, several disciplines are 
highly dependent upon experimental dara. In the context of this 
answer, experimental data is taken to mean information 
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pertaining specifically to the particular configurations under 
consideration. stability and control data will be almost 
exclusively derived from wind tunnel model testing at all of the 
various speed regimes. Static loads on secondary structure will 
also be determined exclusively by wind tunnel model testing . 
Noise levels and patterns will be predicted using noise rig 
testing. The answers above pertain to both Project 1 {Subsonic 
Commercial Transport} and Project 2 (Supersonic Commercial 
Transport) . In addition, representative experimental data will 
be required in Design Level IV by the stability and control 

discipline, for the case of Project 2. 

(2) In Design Levels V and VI, the disciplines of 
aerodynamics and flutter are dependent to a lesser degree on 
experimental data for the particular configuration, as a sizable 
portion of the design and analysis work in these disciplines can 
be done analytically. 

(3) The disciplines representing the propulsion systems 
will be represented by experimental information that begins at 
Design Level IV and increases in depth through the higher 
levels . 

(4) In Design Levels II, III and IV, all of the 

disciplines, excluding the avionics part of any flight control 
systems and excluding the configuration lofting, are dependent 
to some degree on statistical data. This class of data is 

distinct from experimental data and is discussed more fully in 
Task 1, Question 6. 

T ask 1, Que stio n 4 — How should experimental data be handled 
in the system operation? 

A nswe r- -Experimental data should be stored in the 
appropriate community data bank in coefficient form, not in the 
raw engineering or instrument measuring units in which it was 
recorded. The reduction to coefficient form should ideally be 
done by personnel at the facility where the testing was done. 

Disc us sion — The test facility will repeatedly take data in 
a similar manner for a succession of configurations or 

components. Consequently, the personnel at the test facility 
will develop the best understanding of the errors and 

limitations of the test techniques. This understanding provides 
corrections to the acquired data and cautions concerning limits 
to its validity. The reduction of the raw recorded data into 
some useful coefficient form would best be done by personnel 
representing the test facility. Hopefully, this data reduction 
itself will be done in the IPAD environment, using all the 
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origin 

OF POOIR QUALITY 

features of the IPAD system to reduce and enter the data into 
the appropriate community libraries. 

Task 5 — What aspects of the design are not 

quantifiable and what impact do they have on the design process? 

A ns wer — Certain critical aspects of management control, 
design evaluation and design optimization cannot be automated. 
The IPAD System must support, in terms of data retrieval and 
display, the user requirements to perform these critical 
aspects. 

Discu ssio n — If an aspect of the design process can be 
quantified, then it can be automated. Thus, the parts of the 
design process that cannot be written in sets of mathematical 
processes cannot be automated and must remain under the control 
of the user. There are three main parts of the design process 
that cannot be quantified. 

Firstly, management control over the selection of the 
designs to be examined is based on many intangibles. Some of 
these, for example certain market requirements, can be of a 
mathematical or statistical nature. But many of the criteria 
controlling selection of design classes are based on diverse and 
undocumented customer needs, human factor concepts and poorly 
understood yet powerful user preferences. Thus, in many cases 
the beginning design will simply be legislated by management. 
The early Design Levels (II and III) will provide dependable 
analysis rapidly to point out poor designs or design features 
that have been advocated. 

Secondly, a large part of the evaluation of a design is not 
quantifiable. These points of evaluation will range from "it 
]ust doesn’t look right" to serious objections based on 
engineering evaluations that have merit, but cannot be stated 
mathematically. In the IPAD environment, these evaluations will 
be aided by the data base management and display features of the 
IPAD system. 

Thirdly, an entire class of optimization, namely tradeoff 
studies (see Chapter 5, section 5.2.2) will work to improve 
certain design parameters simultaneously. In most cases no 
single merit function weighing relative gains among the 
parameters can be written. It will be left to the user to 
control this class of optimization, aided by the data base 
management and display features of the IPAD System. 

Task Ij. Q ues t io n 6 — What is the proper place and role of 

statistical information in the system? 
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Answer--Each technical discipline will use statistical 
information in order to produce its best estimate of the 
ultimate result at any point in time until that information can 
be replaced by specific experimental and analytical information. 
These replacements will vary by technical discipline and by 
project as to their location in the Design Networks. 

D iscu ssion — The development of a project begins as an 
identifiable form at Design Level II. In this level, most of 
the required information will be statistical in nature. In the 
context used herein, statistical information will mean 
information of a general nature, rather than uniquely pertaining 
to the configuration under consideration (see Task 1, Question 
3) . This statistical information will be used starting in Level 
II and will continue until the information can be replaced by 
specific experimental and analytical information which will 
pertain uniquely to the configuration under consideration. 

The statistical information will enter the pertinent data 
base for three reasons. Firstly, information representing 
technological advances will enter the IPAD environment at Level 
I. This is the viewpoint through which IPAD will watch the 
broad areas of research and development that pertain. Secondly, 
statistical information representing in-service histones of 
actual products will be recorded and stored by the activities of 
Level IX. Thirdly, many of the Technical Program Elements will 
generate statistical information (e.g.. Type A Weights) in the 
early design levels. 

As the design progresses through the design levels, each 
technical discipline will begin to replace its statistical 
information with experimental data and analytical information 
which pertains to the specific configuration under 
consideration. Statistical information never disappears 
completely from the data bank of a particular product because it 
IS not always cost effective to go to the trouble of replacing 
the information with experimental and/or analytical information. 

T ask 1, Que s tion 7 — In the case of structural weight, how 
should the non-optimum and secondary weights be assessed? 

A nswe r — The non-optimum structure weights will be predicted 
using statistical information in the early preliminary design 
levels. Because of the expense involved, the lack of sufficient 
detail design information, and the limited experience available, 
the statistical non-optimum weights will be used in the design 
networks until the weights can be calculated from detail part 
layout drawings generated in the product design levels. The 
secondary structural weights will have a similar history 
throughout the design process. 



D iscuss i on - -For purposes of this discussion, non-optimum 
structural material is assumed to be that material associated 
with the primary structure that is over and above the 
theoretical material which can be derived using the available 
structural models and is based on the conditions which are 
expected to design the structure and that can be accommodated by 
tne model, e.g., static loads, dynamic loads, flutter, thermal 
loads, etc. The non-optimum material includes such items as 
fasteners, edge members, access doors, cutout reinforcements, 
manufacturing tolerances and constraints, cores, clips, splices, 
and miscellaneous attachments. 

From the time that the non-optimum material weight appears 
as an identifiable item in the second part of Level III until 
the time when detail part layou+ drawings are released, the non- 
optimum weights will be calculated in a statistical manner and 
will probably be based on a percentage of the optimum 
(theoretical) primary structure material weights. There are 
three primary reasons why a statistical approach is used: 

1. Sufficient detail design information is not available. 

2. The cost of determining the non-optimum weights in 
other than a statistical manner is high. 

3. There is limited experience available from associated 
structural models that produce theoretical weight. 

Also in some cases, errors in the ncn-optimum material 
weight might be tolerated because of the relatively small 
portion of the total weight that is contributed by the non- 
optimum weight. As the structure is modeled in greater depth in 
the higher preliminary design levels, the absolute value of the 
non-optimum weight factors can be improved. 

The secondary structure weights will be handled in a 
similar manner. Beginning in the second part of Design Level 
III and continuing through the product design levels when detail 
part layout drawings are released, there will be a heavy 
reliance on statistical information to generate secondary 
structure weights. The reasons for this are similar to those 
associated with the non-optimum weights, together with the 
difficulties of formulating the conditions which will size the 
secondary structure items. As the structure is modeled in 
greater detail in the higher preliminary design levels, many of 
tne "secondary" structure items will be included in the 
structural model and will be sized by analysis based on the 
pertinent design conditions. 
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T ask I. Q ue stion 8 — Hhat should be the IPAD level of 
application? 

a. Preliminary design? 

b. Detailed design? 

c. Final analysis? 

d. Can all be included in the system as a natural 
progression of the design process? 

A nswer — IPAD should be applied to all parts of the product 
design process and manufacture interface. If the IPAD system is 
Hell designed, it will support any one level as well as all of 
the levels. Therefore, development of all design levels should 
be undertaken as a natural progression. 

D iscussio n — Figure 4.1 (page 24 ) divides the product 

environment into nine levels of involvement, which are then 

collected into three groups. These groups and levels within 
groups are presented in detail in sections 4.1 to 4.4. The IPAD 

system will be involved in all nine levels. The Data Base 

Manager will be very obvious in all levels. It will provide the 

tie, in terms of data base, between all of the levels. Thus, 

when the IPAD system is developed, it will be able to support 
any design or product level. 

Task 1, Ques tion 9 --Hhat should be the range of IPAD 

applications? 

a. Commercial vehicles? 

b. Military vehicles? 

c. Aerospace vehicles? 

d. All? 

Answer — IPAD will benefit any product large enough to 
support the computer cost to use the IPAD System. First 

implementation should be in the area of commercial aircraft, 
specifically, an advanced SST. Indeed, the design of that class 
of aircraft offers an outstanding requirement for multi- 
discipline technical integration, thus providing primary 
motivation for IPAD. It could be a decisive factor in achieving 
a high quality product with reduced technical risks, and a means 
to control development costs and to meet schedules. In 
addition, other commercial and military aerospace vehicles 





simply await development of the necessary Technical Program 
Elements. 

D iscuss i on — Application of IPAD is limited only by the 
development of required Technical Program Elements. It is 
recommended that the first application be to commercial aircraft 
vehicles, as the largest pool of available Technical Program 
Elements from which to draw is in this area. It is further 
recommended that in support of a future national priority that 
Technical Program Elements be selected which will support the 
design of an advanced supersonic transport. It is strongly 
maintained that IPAD could become an invaluable tool for 
identifying a suitable configuration for this vehicle among the 
myriad or options and variations that must be considered. A 
parallel selection of Technical Program Elements for a subsonic 
transport is also recommended. This would provide the 
capability to check out the IPAD system software and to 
calibrate the Technical Program Elements. 

Once the IPAD system is operational, application to other 
products merely awaits the development of a suitable library of 
Technical Program Elements, Obvious collections will develop 
for military and aerospace vehicles, as funding is made 
a vailaole. 

Task 1 , Q uest ion 10 — How can one resolve the unavoidable 
conflict between the level of analysis and computer time? What 
is the optimal level of analysis at each stage of the design? 
How can one measure and determine it? 

Answer--With the nine Product Levels as provided in figure 
4.1, the conflict is avoided. For each of these levels, the 
extent of analysis, the computational resources required, and 
the resultant accuracy of the answers will be known to 
management. After review of the results of each Level, 
management will commit the design sequence to the next higher 
level. 

The nine design levels have been chosen with the goal to 
permit the optimum trade between computing resources, time to 
get the result and accuracy of the result. The design levels so 
chosen integrate the use of statistical data, analysis and 
experimental data in order to balance the accuracies of the 
various technical disciplines within each level. The overall 
accuracy of any single design level is influenced by the 
management need of an answer to that accuracy within a certain 
time p er lod. 

Discu ss ion — The development of the nine design levels shown 
on figure 4.1 {Page 24) was done by first establishing the trend 
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of accuracy versus response time. This trend is a management 
requirement. The cost of attaining the solution in each level 
is a second constraint, established by the user. The resulting 
requirements of accuracy, cost and response time for each level 
become a goal to be met during the characterization of the 
design process within a given level. This goal also determined 
the nature of the Technical Program Elements required by each 
technical discipline to produce a balanced answer. It may be 
necessary to develop a sizable number of new Technical Program 
Elements in order to keep near the optimum trade of accuracy, 
cost and timing. 

Once a given design level is operational for a certain 
class of products, a series of calibration cases will have to be 
run. These will be known examples of actual product hardware. 
The calibration will indicate the precise trades between 
accuracy, cost and timing. To achieve the desired accuracy, it 
may be necessary to exchange certain of, the Technical Program 
Elements among the levels. 

The final, documented performance of each of the design 
levels for a particular class of product in terms of accuracy, 
cost and timing becomes a powerful guide to management. Hith 
this information available, the commitment of the design to 
higher levels can be made by management with high confidence 
that the step will be cost effective. 

Tas k. 1, Questio n 11 — What choice of design strategy should 
be available to the designer in seeking the optimum design? For 
instance, how can trade-off data be generated and used to speed 
up the design process? 

A nswe r--The design strategy is completely represented by 
the nine design levels of figure 4.1. This forms an orderly 
sequence of design steps that increase the accuracy and 
reliability of the design for a known additional cost. Because 
of the orderly development of the product design arising from 
the design levels, the generation of trade-off data should be 
carefully controlled. Trade-off data should be collected from 
generalized studies thus providing related parametric data 
having established trends. Designers may extract specific 
information from data in this form and with reasonable accuracy 
predict the capability of specific cases. This data will be 
used in Levels II, III and IV and should speed up the design 
process. A trade study plan must be implemented and continually 
updated to achieve the final optimum design selection. 

Dis cuss ion — The design strategy has been developed and 
established in general by the design levels of figure 4.1. This 
general outline has been developed in detail for Project 1 and 
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Project 2 (see figures 4.2, page 32 and 4.6, page 142), The 
detailed design networks serve as the guide for the optimum 
design strategy for these two classes of products, a subsonic 
and a supersonic commercial transport. New classes of products, 
for example, a large naval vessel, should have the detailed 
design network planned in a similar manner prior to beginning 
implementation of relevant Technical Program Elements. 

Trade-off data should be developed from theory and by 
testing. For example, a wing sweep versus wing thickness 
generalized testing would develop data for a family of related 
wing designs, A ease test configuration which meets a specified 
mission would be selected using the design networks for Levels 
II, III and IV. A family of test configurations would then be 
developed from the base configuration such that a grid of 
parametric data can be developed using the Level V design 
network. The IPAD data mangement capability will allow recall 
of all trade data recorded during past investigations. Using 
generalized methods should provide greater confidence in past 
studies. Every effort should be made to keep the number of 
trade studies for a given problem as few as possible. 

Conducting comparative trade studies to select the optimum 
configurations is possible using only the design network for 
Levels II and III but is limited to investigation of similar 
configurations for which the analysis methods are identical. 
This capability will greatly speed up the design process. 
However, investigations of non- similar configurations such as 
comparing engines on the wing to engines on the body — must be 
extended through the Levels IV and V design networks to gain 
the accuracy and empirical data required to select an optimum 
engine location. 

Trade studies will also be conducted- by specific technical 
disciplines on detail designs in Levels IV, V and VI. An 
example might be the comparison of two versus three actuators 
for a specific control surface. These detail trade studies are 
conducted in a similar manner to overall configuration trade 
studies and may use generalized parametric data as well as 
specific test data. 

Task 1 , Questio n 12 — How could one judge the efficiency of 

independently developed codes relate to their efficiency when 
incorporated into the IPAD framework? At what point would it be 
more economical to rewrite the independent code before 
incorporation into IPAD? 

Answer — The data base management features of the IPAD 
system will provide for very efficient data communication 
between code within IPAD. Inefficiencies will arise when codes 
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brought together in IP&D have significant engineering overlaps. 
As this situation raises the question of integrity of the 
results, editing -the overlaps in the code is more than a 
question of economics, and should be eliminated whenever 
possible . 

D iscussio n — Independently developed code will be 
sufficiently efficient in its present form, or it would not 
likely be considered for IPAD, The IPAD system should not make 
this code less efficient when the code is a part of IPAD. Two 
such sets of code, when used together in IPAD, should have a 
very efficient data communication, as supported by the IPAD 
system's data base manager. 

However, it is likely that two sets of independently 
developed code will have some overlaps in their engineering 
calculations. Each overlap of this nature reduces the 
efficiency of the calculations, but more important, the overlap 
could decrease the integrity of the final results. There will 
be no assurance that the repeated calculations will produce the 
same answer in the various sets of code. Whenever the manpower 
IS available to do so, these overlaps should be removed from the 
technical code in IPAD. 


2.3 TASK 2 QUESTIONS (4, 5, 6, 7, 8, 9, 13) 

T as k 2, Question 4 — To what extent and how should the human 
element be retained in the system control in order to utilize 
engineering "intuition", judgment and experience? 

Answer--The basic operating mode for IPAD will be based on 
the personal remote terminal. With this mode, the human 
element, that is the user, will always be present. The general 
level of user control will be to monitor the progress of a 
solution with interdiction capability. A step up to the 
interactive mode will be done as specific Technical Program 
Elements activate that mode during the course of their 
execution. 

bis cuss ion- -The user will have the option in IPAD of making 
his presence felt during the entire sequence involved in getting 
his :)ob done. This will begin in the first stages where both 
the code to be executed and the data sets to be used as input 
are prepared. These operations will typically be interactive, 
with text editing done to both code and data from the personal 
terminal. 

Once execution begins, the type of user presence in the 
control of the solution varies witn the design level. Taking 
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Project 1, the subsonic commercial transport, as an example (see 
figure 4.2, page 32 ) , the user will begin a Level II solution by 
interactive text editing of both code and data. Once in 
execution, the mode becomes one of interdiction, with the user 
monitoring the solution and interrupting that solution should an 
undesirable path be taken. The execution times will be so short 
in Level II that the user would best monitor the solution rather 
than interactively control it. 

Much the same approach is taken in the first half of Level 
III, where the geometry is sized. Beginning with the second 
half of Level III, where the primary structure is sized for the 
first time, the sizes of the Technical Program elements and 
their computational times become large enough that the user can 
provide control over the direction of the solution without the 
risk of penalizing to an unacceptable extent the execution of 
these larger programs. In fact, as the solution tends to become 
more complex, interaction will increase. In the earlier levels, 
the design algorithms relating the various design and analysis 
processes can be written. For the more detailed problems found 
in the higher levels, the design algorithms cannot always be 
written. As repetitive sequences are recognized during 
interactive design activities, these sequences will be 
automated. This process will result in an evolutionary 
development of design technical code. Thus, the sequence of 
solution must be directed by the user through the interactive 
mode. 


The user will also monitor and interdict optimization 
processes during their solution. This refers to the direct, or 
mathematical optimization processes that execute automatically. 
These will be monitored to interrupt and restart a solution that 
is not performing correctly. 

T ask 2, Qu est io n 5 — What set of design variables defines 
the vehicles to which IPAD is to be applied? 

A ns wer — Of the total set of variables describing the 
^iroduct, each variable becomes a design variable at some level. 
The numner of design variables expands from a few at Level II to 
many at Level IV to all of the variables at Level VI. 

Discu ssi on — The data base for a given product will contain 
the engineering definition of all of the variables known by IPAD 
relating to the product. There are three classes of these 
variables. Firstly, a small set of the variables are important 
as design variables at the start of the design in Levels II and 
the first halt of Level III. But in the higher design levels, 
these variables are discarded in favor of variables that give a 
m'ore precise expression. For example, in Levels II and III, a 
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wing section will be parametrically generated from perhaps ten 
parameters, such as leading edge radius and maximum thickness. 
But in the higher levels, as wind tunnel models are being 
designed, a more precise definition will be required for the 
wing sections, and these parameters will become inactive. 

Secondly, there are design variables that are important 
throughout the entire design process. An example would be 
takeoff gross weight, or the design range-payload curve. 

Thirdly, there are variables that become active in the 
higher levels. This class will contain by far the largest 
number, and will dominate the data base storage situation. To 
continue the example above, once wind tunnel models are being 
designed, the wing section that was at first completely 
specified by ten parameters will now be specified by 100 points. 
These points, although they will be pairs of coordinates, are 
truly parameters and will be treated by both the user and the 
IPAD system as such. 

Task 2j_ Q uestion 6 — Should the set of design variables be 

divided into subsets of basic ones (i.e., wing aspect ratio) and 
local ones (i.e., skin thickness of a specific panel)? 

Answer — There is no advantage to be gained by special 
identification of variables as being either local or basic. The 
IPAD system and Data Base Manager allow Technical Program 
Element input-output identification and data set definition. 
These will give the user the flexibility to handle his data 
efficiently. 

As each Element is introduced into the community library, 
the variables that appear at the boundaries of that Elemenx will 
be entered into the community library dictionary. Thus, all of 
the design variables corresponding to the current design and 
analysis capability will be known throughout the user community. 
As a separate entry, a user may package these design variables 
in any order into groups, or data sets. Different users will be 
able to collect the same variables into different sets. Or, the 
same user may reorder his data sets over a period of time. 

D iscu s sio n — Each new Technical Program Element that is 
added to the library becomes available for use in design and 
analysis tasks and increases the degree of completeness that can 
be achieved for the design. At some point, there will be enough 
of these Elements available to do essentially the total design 
of the product. The entry of a new Element into the dictionary 
will be accompanied by a declaration to the dictionary of the 
variables that appear at its boundaries. When the user chooses 
a set of Elements to do a certain design or analysis task, the 
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IPAD system will help him to realize all of the variables of the 
total set known in the community library that are active for 
that task. 

The number of variables may become large, and there may be 
many variables that have logical relationships. The user can 
group related variables into sets of data, to make the 
portability of groups of data easier. There is no restriction 
that all the variables in a data set be logically related, but 
in most cases they will be. The variables collected in data 
sets are entirely at the user's discretion, and the user will 
reorder his data sets from time to time. 

Task 2 , Q ue st ion 7 — How should the number of vehicle design 
variables be reduced to a tractable number? 

Answer — The division of the whole product activity into 
nine levels establishes a natural relation between number of 
variables and the time the user has to do the solution. At 
Level II, which has a short time frame, the user will use a very 
small subset of me total set of variables. At Level VI, which 
has a long time frame, the user community will need nearly all 
of the variables known to the IPAD system. As the design 
proceeds through the levels and the number of active variables 
grows, collection into data sets will make data handling much 
easier. 

D iscuss ion — The total set of design variables known to the 
community library is directly related to the design and analysis 
capability currently available. To reduce this number of design 
variables known to the community library would require deletion 
of some of the design and analysis capabilities. There are two 
alternatives to the user rather than this drastic one. Firstly, 
rhe subset of variables needed by the user depends on the task 
he IS performing. In Level II, the user will spend only a short 
time getting his result. The number of Technical Program 
Elements is small and so is the number of variables. At the 
other extreme. Level VI will use nearly all the variables known 
to the community library. The time frame for Level VI will be 
very long, so there will be time available to work with large 
numbers of variables. However, Level VI is actually made up of 
many users doing many small gobs. Each of these will use a 
small subset of data; no single user will need all the variables 
at any one time. 

Secondly, any user at any level can collect his data into 
data sets. Data sets will help the user in the lower levels. 
In the higher levels, data sets will greatly enhance 
communication between users. 
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T ask 2^ Q uestion 8 — How can one resolve the associated 

problem ot the organization of an optimization process in the 
form of an overall loop and suboptimization loops? 

Answer — Suboptimization will not be done concurrently with 
overall optimization. There is a definite order to the 
optimization sequence. First, the overall optimization loop is 
restricted to the total problem. A small number of general 
variables will be used in a direct, or mathematical, 
optimization process. Once the large loop has oeen cycled to 
completion, additional detail must be developed for that 
configuration. With this enhanced detail, selected parts of the 
overall optimized solution can then be locally improved with 
suboptimization techniques, whether direct or by trial and 
error . 

The suboptimization process is a sequence of loops within 
loops. Once a given suboptimization loop is completed, it is 
developed in further detail, then suboptimization at the new 
level can be done. This cascade effect will continue until the 
level is reached at which all the detail parts are designed. 

D iscuss ion — Overall optimization means that the whole 
product is seen by the design and analysis processes to be used 
during the optimization. Whereas the product is not totally 
specified unless all the variables are used, the magnitude of 
this set of variables is many times larger than can be 
accommodated by a formal optimization process. In order to do 
the overall optimization, the detail of the product definition 
must be reduced until the number is small enough to allow 
formal, mathematical optimization techniques. The number will 
be on the order of twenty variables or less. This does not mean 
that the product is represented by only twenty variables, but 
that these are the variables that are directly modified during 
the optimization sequence. 

Once the total optimum is achieved, then sufficient detail 
IS developed to allow suboptimization. At this stage, none of 
the variables of optimization from the previous level of 
optimization can be modified. The suboptimization stage is a 
sequence of growing detail until the detail part design stage is 
reached. At no point, however, can any level of optimization 
use as a variable of optimization any variable that has been 
used as a variable of optimization in a previous stage of 
optimization. This causes the optimization loops to be nested, 
rather than overlapping. 

As an example, consider the optimization and eventual 
detail part design of a hydraulic actuator for the horizontal 
tail. The optimization would begin in Levels II and III, where. 
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among other things, the optxmum tail size would be found. 
Included in the analyses of these levels would be statistical 
data that would represent the total weight of the entire 
hydraulics package. But this particular actuator would not be 
uniquely identified. 

Further into the design, in Level IV for example, elevator 
hinge moment data, structural stiffness data and the stability 
and control requirements of the flight envelope would allow 
suboptimization on the number, location and size of the 
individual actuators. This particular actuator would be first 
identified at this point. 

Finally, in Levels V and VI, the detailed design of the 
actuator would occur. Optimization of the detailed design of 
the actuator would be done by the designer to achieve objectives 
of control function, weight and reliability. 

In this example, the aeroelastic .feedback loop would be 
considered in design of actuator and empennage structure. This 
is illustrative of a technical risk that is incurred by 
oversimplification in overall optimization (or configuration 
definition) and excessive constraint in suboptimization 
(subsystem or detail design) . Some risk of this sort is 
unavoidable. IPAD will contribute to the reduction of that risk 
by providing an improved capability for interdisciplinary 
analysis. It will also provide a tool for research on design or 
optimization methodology with fewer constraints (integration of 
subsystems) . 

T ask 2, Question 9 — How can one establish a merit function 
for various types of aircraft? 

Answer-- Merit functions are required only for the 
evaluation process associated with direct, or mathematical, 
optimization. The easiest case is to select a single variable. 
If this is not possible, then a weighted functional 
relationship, expressed as a single equation must be specified. 
Ideally, the customer for the product would specify the 
weighting. If the customer cannot do so, then the designer must 
make the weighting selection. There is no formal process for 
doing this selection. 

D iscuss i on — Direct optimization works to maximize or 
minimize a single function. In some cases, it may be easy to 
select a single variable. However, in other cases, there may be 
seve^ral variables to be optimized where a weighting must be 
developed to tell the optimization process the relative 
importance of these variables. If a weighting cannot be 
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achieved, then the optimization will have to be done by trial 
and error. 

The best situation is for the customer of the product to 
specify the weightings for the merit function. Where this 
cannot be done, then the designer has to make the choice. There 
is no formal process for making this selection. It might be 
suggested that the designer try several groups of weightings, 
and evaluate the resulting optima from each group in terms of 
the sales appeal. But if the designer can make this evaluation, 
then direct optimization could have been done using total 
predicted sales as the single merit function. 

There is another possibility in determining a set of 
weightings. That is to state the variables of optimization 
(i.e., direct operating cost, field length, initial cruise 
altitude, etc.) and develop a statistical set of weightings by 
using previous aircraft as a source. However, this will be a 
backward-looking set of weightings, and as such may penalize a 
technological advance. __ 


T ask 2, Q uestion 13 — What is the first release capability 
for IPAD which should be developed for subsequent extension? 

A nswe r — The first release of IPAD should include the 
following technical capability: 

1. Operational Technical Program Elements for design and 
analysis of a subsonic commercial transport for Levels 
II and III of the design networks for Project 1. 

2. Operational Technical Program Elements for design and 
analysis of a supersonic commercial transport for 
level II and the geometry sizing part of Level III of 
the design networks for Project 2. 


Discuss ion — The initial implementation of IPAD should be 
primarily involved in the development and checkout of the system 
software. Therefore, the development of Technical Program 
Elements should be restricted to modification of existing code 
and limited development of new design code where none exists. 
It IS considered possible to develop Levels II, III, and IV of 
Progect 1 and Levels II and III of Project 2 during an 
implementation period of two to three years. This capability is 
required to checkout the IPAD system and it will also provide 
the minimum initial technical capability to justify the 
development cost of IPAD. The answer to Task 1, Question 9 also 
supports this selection. fiefer to Volume IV for the answer to 
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3.0 PROCESS FOR SELECTING TECHNICAL TASKS 


3.1 OBJECTIVES AND APPROACH 

The major objective of this part of the feasibility study 
was to characterize the design process in order to establish 
technical requirements for the IPAD System design. This 
objective was realized by selecting a suitable set of design and 
development projects and to describe the related tasks in 
sufficient detail to provide a design logic upon which the 
definition of technical requirements for IPAD can be based. 
This has been accomplished by a team effort involving 
experienced representatives of all of the major aerospace 
disciplines. In a series of conferences and group discussions 
this task force has analyzed representative examples of the 
design-analysis- decision processes that IPAD must support. 
Members of the group have also prepared an inventory of existing 
and required technical elements (computer programs) to perform 
the tasks related to each technical discipline. Task 
descriptions have been written to explain how the technical 
elements are employed in performing each task of the design 
projects. Group conferences were held to prepare a collective 
estimate of design and analysis iterations. This estimate, when 
used with the . inf ormation gathered about the technical tasks, 
determines the magnitude of the data storage, data access, and 
computational activity. These computational requirements are 
contained in Volume III. 


3.2 SELECTED PROJECTS 

The primary consideration in selecting representative 
projects for study was to achieve technical task descriptions 
and computing hardware and software specifications that would 
support a broad range of product applicability. Therefore, it 
was decided that one of the selected design projects should make 
maximum use of existing technology, which would be conducive to 
a high level of design application. A subsonic commercial 
transport was selected as the first project to be used in 
identifying IPAD technical and system requirements. This was 
regarded as a logical initial choice since extensive design and 
analysis experience is available within The Boeing Company for 
the 707/727/737/747 class of airplanes. 

It was felt that the second design project should focus 
attention on limitations of current technology and on a high 
degree of interaction between different disciplines, since these 
characteristics will help to identify critical areas requiring 
new program development. Also, this project should represent 
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the largest product scope to be undertaken in the IPAD 
environment. To satisfy these requirements a supersonic 
commercxal transport was chosen for the second project. This 
project requires considerable depth of analysis in the early 
stages of design and a particularly heavy computational work 
load in the later stages. 

Finally, to provide background for consideration of non-* 
aerospace applications of IPAD, a Naval Hydrofoil was selected. 


3.3 PSODDCT DESIGN NETWORKS AND LEVELS OF PRODUCT INVOLVEMENT 

The product involvement by levels which relate to design 
depth and computational flow time was considered essential and 
levels were used to fora the work flow logic for each design 
project. These levels oust provide management with control of 
the desired depth of design refinement, the schedules and the 
budget control for solving problems in a cost effective manner. 
Goals for flow time and computational time were established for 
each product in several levels of design involvement. 

As a result of the group meetings mentioned above in 
section 3.1, the design and analysis tasks comprising each 
successive level have been identified. consideration of data 
requirements, interrelationships between tasks, and design and 
analysis iterations required to satisfy design requirements and 
to support decisions has provided the basis for construction of 
the design networks for each of the design projects. 

The concepts of engineering cost control (cost-to-design> , 
and identification of production costs and direct operating 
costs have been integrated into the design networks. 
Engineering costs are controlled fay management reviews 
throughout the networks which include identification of cost 
performance relative to budget. Goals for cost- to- produce are 
identified as an initial requirement for each problem under 
investigation and will become cost targets. Each management 
review will compare production cost estimates to the cost 
targets. cost- to-support estimates are included in all the 
direct operating cost (DOC) evaluations. 


3. if TECHNICAL TASK DESCRIPTIONS 

On the basis of common understanding of individual tasks 
established in constructing the project networks, team members 
have prepared narrative descriptions of activities identified 
with each network olock. These narratives generally describe 
the application of particular technical elements in performing 
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the specific tasks. Task descriptions are included in the 
following sections dealing with the individual networks. 

Each task was characterized as entirely manual or computer 
supported. Each computer supported task would be performed by 
one or more pieces of computer code, denoted Technical Program 
Elements. A catalog of these has been assembled into a library 
of IPAD computational elements and are presented in Volume V. 

Information such as number of boxes of source cards, 
central processor time required, and input/output volume is 
collected for each Technical Program Element. Also, the status 
of each Element is given. These data aid in the development of 
the computing hardware and software specifications, and indicate 
those parts of the design network that require new code to be 
writte n. 
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4.0 DESIGN NETWOHKS EOB SELECTED PROJECTS 


4.1 GENERAL PfiODOCT LEVELS 

The purpose of product levels is to subdivide the 
environment within which IPAD will relate to a product and its 
design process. This division is considered to be product 
independent, and serves as a guide foi the classes oi man and 
machine involvement wixh a product. Figure 4.1 shows the 
generalized product levels in the IPAD environment. There ar=- 
nine product levels divided into three sections. 

The first section is comprised only of Level I, Continuing 
Research. This represents the research activities of a ioug- 
terin nature that are done independent of IPAD. In the IPAD 
environment, these research activities will be continually 
monitored to provide new design procedures, technical analysis 
capabilities and to improve the technology data bases. Roth 
computing programs and data will be received into IPAD. 

The second section is made up of the Preliminaiy Design 
Levels. The tour levels in this section are design criteria 
selection, design sizing, design r ef inemer, t and design 
verification. Design goals for the four levels must be chosen 
to balance analysis versus computing time. This will prevent a 
conflict between the level of analysis and computer time. 
Control of the required engineering resources is the principal 
criterion for the establishment of the preliminary design 
levels. Accordingly, the activities relating to preliminary 
design will be collected by types of activities and hierarchies 
of analysis capabilities to achieve the objective of meaningful 
design results in a usable time period. Thus the capability 
will be provided to develop a product design and consistent data 
base definition in a i:iine sequence which is responsive to 
management control of costs, schedules and technical depth of 
analysis for each competing configuration under investigation. 
Osing this concept a manager may develop very complete technical 
data on several design configurations before selecting the 
specific configuration to be tested in tne wind runnel wnich 
requires approximately 3 months fiowtime and a large budget 
expenditure. 

The following terms (computational flow time, execution 
time, design cycle time and converged design cycle time) are 
referred to frequently, therefore, they are defined here. 

1. Lomputational flow time - the total elapsed working 
time from the start to the end of the computational 
process. This computational process begins with the 
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user collecting data already within the library and 
making minor revisions or updates. The user then 
commits the job into execution. If the job is small, 
he will remain at the terminal. If the gob is long, 
he will enter the job into a batch execution mode. 
After execution is complete, the user will do some 
cursory examination to determine if the results are 
essentially complete and correct. This macks the end 
of the computational flow time. 

2. Execution time - actual execution of the hose CPU, 
measured relative to 3rd generation eguipment for this 
document. 

3. Design cycle time - the total elapsed working time 
from the beginning to the end of a single examination 
of a given design. The calculations made during this 
time will analyze, recycle and suggest redesign for 
the input design. 

4. Converged design cycle time - the total time from the 
beginning of the first design cycle until the end of 
a design cycle that has developed a design which meets 
the objectives and ‘constraints . 

Level II is the first of the Preliminary Design Levels. It 
has the goal of determining the design criteria that will result 
in the product with the highest sales potential- There will be 
some limited design and analysis calculations performed in 
support of the search for the best design criteria, but the 
computational flowtime for a Level II solution would be small. 
Typically, a Level II computational flow time would be about two 
days and require approximately 30 minutes execution time. In 
this level, compuationai flow time and design cycle time are 
synonymous. The representations of tne pertinent technologies 
would be in very simplified forms. 

Level III has the goal of sizing the design to the 
marketing criteria established in Level II, It also will resize 
a design that has been found to be deficient in a higher level. 
Therefore, this level must use more rigorous analysis tools and 
a more complete design representation. This level may still be 
executed without user intervention, with a computational flow 
time on the order of two and one half weeks to one month, having 
execution times of approximately 1 to 20 hours. In this level, 
computational flow time and design cycle time are also 
synonymous. 

Level IV has the goal of refining the design by applying 
more powerful analysis capanilities in previously represented 
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technologies, and by introducing new technologies into the 
analysis. This is to reduce risk within a short time period by 
doing a thorough analysis of the major areas of the design. It 
is likely that the first several examinations of a design sized 
in Level III will reveal deficiencies and thus require resizing. 
The computer executions in Level IV will be done with user 
interaction, with design cycle times of one to two months, and 
with execution times of approximately 25 to 60 hours. This 
level will have a converged design cycle time of two to four 
months . 

Level V has the goal of verifying the design so that a 
decision about product go-ahead can ne made with miniiruiP risk. 
This verification is achieved by the roost rigorous analysis 
available in the various tecnnologios , and by performing 
selected tests to provide specific data to supplant generalized 
information obtained from the data base. The design cycle times 
for this level would be 1 and 1/2 to 3 months with execution 
times of approximately 40 to 200 hours. The converg^rd design 
cycle time would be 3 to 6 months. 

Following Level V, tne design is reviewed anci the 
commitment to production is considered. If the production go- 
ahead IS granted, the activity proceeds to Level VI. If the 
design is not suitable, then management provides direction to 
return the design to Level III for sizing a new design concept, 
or to Level II to establish new or revised marketing criteria 
that will generate an entirely new group of designs. 

Once the design has been committeu to Level VI-, the 
activity enters tue third section in the IPAD design process. 
The four levels in this section are detail design, manufacture, 
verification and in-ssrvice support or the product. These 
levels are collectively referred to as the Product Levels and 
are parallel activities whicn continue as requirod for the life 
of the product. Within each product level, sequential 
activities will occur and the control will be similar to the 
preliminary design levels. 

Level VI, Product Detail Design is the level ir which the 
detailed parts for the product will be designed. This will 
require much analysis activity, interactive parts design, and 
thorough testing of components and details unique to this 
product. The IPAD environment will enhance the detail aosign 
process by providing automated support or the data base, aiding 
in the interface between design and manufacturing, coordinating 
the various analysis results, and providing maiiagement 
information about the progress in the detail pait design 
activities . 
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Level VII is assigned to Product Manufacture. The making 
of the product will be done from information conveyed from the 
IPAD System to manufacturing. Much of this interface is 
expected to be with the Computer Aided Manufacturing (CAM) 
Systems. Manufacturing problems requiring design modif ica tions 
will be related to Level VI for redesign. 

Level VIII performs the Product Verification. As soon as 
components, and then the completed product are available from 
manufacturing, testing will begin to verify the product. The 
IPAD system will support the documentation of results through 
its data base capabilities, and will convey information to Level 
VI in cases where redesign is necessary. 

Level IX provides Product Support once the product is in 
service. Problems arising from use in service will be referred 
to Level VI for solution. The data base facilities of IPAD will 
aide in collecting in-service part histories, which will be used 
to improve the data base used in the preliminary design levels. 

Figure 4.1 shows the four levels in the Product Level group 
to be in parallel. However, the direction of the arrows on the 
flow paths are significant. They indicate that Level VI 
provides design 'information to Level VII, VIII and IX and these 
levels return information to Level VI. Thus, Levels VII, VIII 
and IX do not communicate directly, but through Level VI, 
because the information to be relayed will concern the detail 
design. As long as the product is in service, there will be a 
need for some sustaining activity in each of the four levels of 
the Product Levels group. The data base established, maintained 
and gualified by the IPAD system will be of great utility in 
supporting the product over a long time period. 

The nine levels of activity relating the product to the 
IPAD environment are of a general nature, and it appears they 
can be applied to a wide range of products, such as trucks, 
ships, airplanes, etc. However, The more complex products will 
yield the information required to develop the IPAD system and to 
select host hardware. Also, the design and manufacture of 
complex products should have greater benefits from the IPAD 
environment. Two product classes have been chosen for 
examination in this feasibility study. They are a subsonic 
commercial transport and a supersonic commercial transport. In 
addition, a brief examination was made of a naval hydrofoil. 
These projects will be discussed in further detail in the 
following sections. 

For the airplane studies, the technical design and analysis 
functions of Level II and III match the design (configuration) 
size to the mission and design requirements. These levels treat 


27 



ORIGINAL PAGE ft 

the configuration as a unit and the propu9,s^^^{Bul^s?? deals 
only with development of engine thrust reguirements and cycle 
matching or matching the configuration to a specific engine, 
floth cases require a pre-selected propulsion design concept 
which includes number and location of the engines. Level IV 
refines the sized configuration by developing a more complete 
definition of structure and non-structure items and by providing 
greater confidence thru increased analysis. This level also 
treats the configuration as a unit, however, a parallel 
study is conducted to monitor the propulsion 
and performance requirements. This study 
the feasibility of meeting the propulsion 
requirements with an existing engine or by a proposed new engine 
and that the nacelle integration is valid. 


propulsion 
installa tion 
determines 


The configuration development is finalized in Level V and 
the product detail design is finalized in Level VI. The detail 
in both levels V and VI require that the design and analysis 
activities be divided by major components and systems thus, 
providing management control and responsibilities for the design 
activities. Therefore, design groups consisting of the wing, 
body, empennage, propulsion, landing gear, payloads, systems, 
etc,, are established and each group is supported with the 
appropriate analysis activities. 


It is emphasized again that the design networks presented 
in Sections 4.2 and 4.3 are examples only, they are not rigid 
hands-off automated networks. However, the capability fox near 
automated configuration sizing is an IPAD implementation goal. 
This requires development of default data for variables which do 
not routinely change and can be established for a class of 
problem. It is further emphasized that all default values must 
be identified on command and that the capability to alter them 
must be provided. Using suitable default values will provide 
the basis for near automated configuration sizing at Levels II 
and III and would extend the configuration designers capability 
to search for benefits from designs which may depart from 
tradition and thereby provide insight for innovation. The 
design and analysis activities in Levels IV, V and VI require 
active support of specialists from all the involved disciplines. 

There is a large, degree of similarity between the network 
descriptions of Project 1 and Project 2. For the saXe cf 
completeness, each description is presented in total. The 
reader is advised that there will be much repetition between the 
two network narratives. 


It will also be noticed that optimization is not mentioned 
in these network narratives. Optimization is considered 
separately in Section 5, because it is applied with discretion 
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to selected parts or the design networh, as the circumstances 
require. The discussion in Section 5 will relate the most 
effective use of the various types of optimization to each part 
of the design process. 


4.2 PfiOJECT 1 - SUhSONIC COfiMEKCIAL TKAMSPORT 


4-2.1 P ro je ct De f initi on 

At the start of the feasibility study contract, a specific 
set of s pecx.f icdtions was established for a particular airplane 
in the category of intermediate range subsonic commercial 
transport. As the design networks evolved, the procedures and 
technical tasks placed into the network were found to be as 
applicable to the general category. Consequently, the project 
defined as Project i is constrained only to be a typical, high 
subsonic speed, moderate aspect ratio wing commercial transport, 
with two to four engines located in conventional arrangements. 
This does not mean to imply that the Project 1 network will not 
support the design and analysis of unusual configurations, only 
that the computing times developed will be for typical 
geometries. 


4.2.2 D esign Ne t work s 

The general Product Level concept of figure 4.1 applies to 
this Project. However, the titles of Levels III, IV and V are 
referred to as configuration sizing, configuration refinement 
and configuration verification. The following table represents 
the time objectives for the preliminary design levels: 


Level 

1 design cycle 

converged design cycle 

II 

2 days 


III 

2 and 1/2 weeks 

* 

IV 

1 month 

2 months 

V 

1 and 1/2 months 

3 months 


* One design cycle provides a converged design at levels II 
and III. A management decision is required to continue 
until a converged design is obtained at levels IV and V, 
This provides management control of the costs for computing 
and development testing (see section 4.1). 
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4. 2. 2.1 Project 1 Subsonic Comaiercial Transport Detailed 
Design Networks for the Product Levels 

Figure 4.2 presents the detailed design networks 
Project 1, The followxng information is pertinent to 
networks: 

Netwo rk b locks 


activity or event 



compurer decision 





computer or man decision 





man (or men) decision 


W ei g hts nome nclature 

Type A - statistical group weights 

Type B - analytical primary structure weights, 
statistical weights for rest of 
airplane except for; known components 


for 

the 
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Type C - analytical primary and secondary 

structural weights, statistical weights 
for rest of airplane except for known 
components 

Type D - analytical weights (primary structure, 
secondary structure and all other 
items) except for known components. 

Type S - all weights are determined by individual 
part. 

OEW - Operating empty weight. This designates 
the weight of the airplane including 
all weight except payload and usable fuel. 

E quations of Motion 

The equations of motion are a large group of Technical 
Program Elements which have been identified as a procedure in a 
separate network. They were grouped as a procedure because they 
are repeated many times throughout the design networks. The 
equations of motion network is shown on page 50 . 

N arrative Descriptions 

A narrative describing the design and analysis activities 
is presented in section 4.2.3 (page 51 ). Each network 

narrative is identified by a reference network block number. 
References to Elements contained in Volume V, the catalog of 
Technical Program Elements, are made throughout the narrative. 
An example would be ARO-1. This is an Aerodynamics Technical 
Program Element for Subsonic Wing-Body Design and Analysis, it 
is an existing computer program which has been identified as a 
candidate for IPAD. 
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LEVEL I - CONTINUING RESEARCH 



DATABASE MANAGER 


i. 


-t 


Figure 4.2 Design Networks- Proj ect I Subsonic Commercial Transport 
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LEVEL II - DESIGN MISSION SELECTION 



Figure 4-. 2 Design Networks- Project I (Continued) 
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LEVEL lil - CONFIGURATION SIZING 



Figure 4.2 Design Networks — Project 


(Continued) 











LEVEL III {Continued) 



Figure 4^.2 Design Networks- Project I (Continued) 
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LEVEL III (Continued) 



Figure M-.2 Design Networks — Project I (Continued) 
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LEVEL IV - CONFIGURATION REFINEMENT 


IV-5 



UPDATE 
WEIGHTS 
(TYPE B) 


IV-12 


FLIGHT CONTROL SYSTEM 
SYNTHESIS & ANALYSIS 
-RIGID BODY MODES+QSE 



Figure 4-.2 Design Networks - Project I (Continued) 
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LEVEL IV (Continued) 



Figure 4,2 Design Networks - Project 1 (Continued) 
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LEVEL IV (Continued) 



Figure 4.2 Design Networks - Project I (Continued) 
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LEVEL IV (Continued) 



Figure 4.2 Design Networks— Project I (Continued) 
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LEVEL IV (Continued) 



gure 4-. 2 Design Networks— Project I (Continued) 
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LEVEL IV (Continued) 



iv-55 


IV-56 



Figure ^■.2 


Design Networks— Project I (Continued) 







LEVEL IV (Continued) 



Figure ^•.2 Design Networks— Project I (Continued) 
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LEVEL V - configuration VERIFICATION 


V-2 



CRUISE WT MODEL 
CONFIGURATION DESIGN 
-LOFTED GEOMETRY 


V-4 


FABRICATE W.T MODEL 


V-5 


WTTEST CRUISE MODEL 

• CRUISE DRAG 

• LONGITUDINAL STABILITY & 
CONTROL 

• LATERAL & DIRECTIONAL 

STABILITY 


V-6| analyse 

•PERFORMANCE 
• LONGITUDINAL.LATERAL & 
DIRECTIONAL STABILITY 
& CONTROL 


V-9 


DEVELOPE LEVEL V INPUTS 

• USER INPUTS 

• DATA BASE INPUTS 

• LEVEL IV OUTPUTS 



V-8 


TECHNICAL REVIEW 
TO DECIDE 
NEXT ACTION 


V-10 


I 


TESTS (DEVELOPMENTAL) 

• CONTINUED WT TESTS 

LOW SPEED (PERF I 
•CRUISE (PERF ) 

• STABILITY & CONTROL 
•MANUFACTURING LOFT WING 
•PROPULSION 
•STRUCTURES 

• SYSTEMS 


& 


V-11 


1 


0 


DESIGN / ANALYSIS 

• AERODYNAMICS/PERFORMANCE 

• COMPUTERIZED SPACE/ARRANGEMENT MOCKUP 

• DYNAMIC LOADS 

• FLIGHT CONTROL SYSTEM SYNTHESIS AND ANALYSIS 

• FLIGHT SIMULATOR EVALUATION 

• FLUTTER 

• PLANS AND SCHEDULES 
- PRODUCT ASSURANCE 

• PRODUCABILITY REVIEW 

• PROPULSION 
•STABILITY AND CONTROL 

• STATIC LOADS 

• STRUCTURE DESIGN/INTEGRATION 

• STRUCTURE SIZING/STRESS ANALYSIS 

• SYSTEM DESIGN 
•WEIGHT -TYPE D 


Figure M-.2 Design Networks- Project 1 (Continued) 
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LEVEL VI - PRODUCT DETAI L DESIGN 


DATA 

BASE 

MANAGER. 


yi -1 i 

ESTABLISH PRELIMINARY DESIGN 
/PRODUCT INTERFACE 

• ESTABLISH MANUFACTURING 
LOFTS 

► • RESTATE TYPE D WEIGHTS 

ACCOUNTABILITY 



VI-2 + 


TESTS (DEVELOPMENTAL) 

• PROPULSION 

• STRUCTURAL FATIGUE, STRENGTH. ETC 

• SYSTEMS 

-controls, electrical, 

ENVIRONMENTAL CONTROL (ECSI, 
FUEL, HYDRAULICS, ETC 

• WIND TUNNEL 

-CONFIGURATION, FLUTTER, 

LOADS, STABILITY & CONTROL, 
SYSTEMS, ETC 



VI -3 t 


DESIGN/ANALYSIS 

' AERODYNAMICS/PERFORMANCE 

• AUTOMATED PARTS RELEASE lAPHI 

• DYNAMIC LOADS 

• FLIGHT CONTROL SYSTEM synthesis 
AND ANALYSIS 

• FLIGHT SIMULATOR 

• FLUTTER 

• PLANS AND SCHEDULES 

• PRODUCT ASSURANCE 

• PROPULSION 

. STABILITY AND CONTROL 

• STATIC LOADS 

• STRUCTURAL DESIGN 

. STRUCTURAL SIZING AND STRESS 
ANALYSIS 

• SYSTEMS DESIGN 

• WEIGHTS -TYPE E 

• WIRE RELEASE SYSTEM 


MANUFACTURING REVIEW 
MOCKUP 

• ENGINEERING 

• MANUFACTURING 


SUMMARIZE & REVIEW 


Figure 4.2 Design Networks- Project 1 (Continued) 
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LEVEL VM - PRODUCT MANUFACTURE 



Figure ^.2 Design Networks- Project 1 (Continued) 
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DATA 

BASE 

MANAGER 


LEVEL VIII - PRODUCT VERIFICATION 



Figure 4-. 2 Design Networks - Project 1 (Continued) 








LEVEL IX - PRODUCT SUPPORT' 


DATA 

BASE 

MANAGER 



Figure M-.2 Design Networks — Project I (Continued) 



PROCEDURE: EQUATIONS OF MOTION 


EM-1 



Figure 4.2 Design Networks— Project I (Continued) 
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4,2.3 Ne twoTK Ac tivities Pescription 


4, 2. 3.1 Level I - Contiiming Hesearch . 

The purpose of this Level is to laonitor continuing research 
and to assimilate ihose results that will, be important to . the 
designer in the IPAD environment. 

Bl ock I -l. L ong Term Goals Est ab li sh ed 3v Hanageme nt — 

Sesearcti in the technical areas of the IPAD environment hill 
continue in tne pursuit of long-term goals. ihese goals will be 
set by management, and will not be required fay specific IPAD 
activities. However, the analysis capabiliries of IPAD Levels 
II to VI may be used to indicate the more profitable areas in 
which research funds could be spent. 

Blo ck Ir Resaar c h; iqn Co nc ept s , T e chnology — This 

block represents the research being conducted "to support the 
advancement of the state of the design and analysis arts. 
Design concepts refer to research conducted ro develop detail 
application capability such as use of composite materials, 
manufacturing processes, jet noise suppression, variable by-pass 
ratio engines, etc. Technology refers to the general 
development of information and processes within specific 
disciplines such as aerodynamic characteristics of pressure 
distribution over airfoil sh<apes, potential flow analysis or 
materials development such as characterist ics of composite 
materials- The users of the IPAD system will monitor these 
activities to enter new technical program elements into the 
library and to improve the technology data bases. 


4.2.. 3.2 Level II ~ Design iiission Selection 

The goal of Level II is to select the design mission and 
criteria for the subsequent design. Some very brief analysis 
and design logic will be required to support the selection of 
these criteria. 

Blo ck I I- l. Develo p Lev el II lDp at s--Ihe data stream for 

this project begins with Level II. The initial inputs will be 
derived from two sources. The user- will provide specific inputs 
such as the problem constraints, performance requirements and 
technology time period. The last item will point to groups of 
data in the data base required to support the various 
technologies. Level II is intended to be executed without 
interruption, therefore, all the inputs required for Level II 
should be given at the beginning. 
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Block II--2. Define Open Market, Petermi.De Market 

Environmept — Goal: To identify the open market for a new 

airplane and to determine market environment disciplines for the 
new airplane engineering design. 

1 mathematical modal (HKT-1) calculates airline fleet 
requirements based on airline traffic forecasts and airplane 
inventory. &n optimum new airplane is determined for this 
market. The airplane route system is also identified and its 
market environment disciplines arc determined by processing the 
market factors such as competitive market shares, growth, wind 
temperature and airfields, etc. (aKT-2) , 

B lock II- 3. Propose Des ig n Hission. assess Market — Goal: 

To analyze market requirements and determine design mission 
requirements that need to be met for the market environment 
disciplines determined in Block II-2. 

The market potential of a new airplane is evaluated (MKT- 
3). 

B lock I I- 4. Design Missi o n OK ? — Goal: To determine if the 

design mission meets the market environment disciplines. 

This decision is manual and human judgment may be exercised 
in interpreting the disciplines. 

Eeview. and recycle if desired. 

B locK II-5 . Configure Air f rame and/or E ngine family 

fPar a aetricl , C om pute Performance & Design Trade Dat a — G oa 1 : 

To configure an airframe and/or engine family and compute the 
performance characteristics of the family. This will provide 
design trade data for the family. 

The elements comprising this activity are to be executed 
with a minimum of input, as the intent is to provide data for 
the selection of the design mission, rather than to determine 
the best configuration. The inputs will be composed primarily, 
of range, payload, Bach number, technology base (time period) , 
a grid of thrust loading (T/W) and ving loading (W/S) and an 
initial OEM (HTS-l) . The DCA-2 geometry module will turn each 
airplane in the grid into a parametric geometry. The 
performance will be calculated using a simplified process (PBF- 
i) . Support for this calculation will be provided by the cruise 
drag module {AfiO-7) , the low speed lift and drag module (ARO-8) , 
the thrust modules (PBO-3, 4, 5 or 6) and a group weights and 
balance module {S?TS-2) . 
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The wexght and balance module will contaxn the tollowxng 
analyses: 

1. Statistical OEW prediction methods which produce a 30- 
item group weight statement, 

2. Statistical OEW balance arm prediction methods which 
produce a 30-itera horizontal center of gravity 
statement, 

3. fuel volume and fuel maragement calculation, 

4. Passenger, cargo, and fuel loading calculations, 

5. 3-axis mass raoment of inertia about the airplane c.g. 
calculation, 

6. Airplane balance and loadability calculations. 

The base statistical equations arc of a form such that each 
group weight item is predicted as a function of a set of 
independent parameters. 

The process of finding the correct size of the geometry 
and/or engine is iterative (see figure 4.3) . The iteration is 
performed for eacn geometry of the T/W vs fe/S grid. The result 
will he a field (a "thumbprint") of airplanes that will all do 
the mission. The trade information will allow valid selection 
of the best design mission, that is, the mission with the best 
sales potential for the class of airplane under consideration. 

The design trade data will also consist of comparative 
evaluations of operational and support costs for competing 
configurations. These trades will be done by REL-1, -4, -14 and 
-41 for alternate engine and system concepts and by KEL-1 and -4 
for support requirements and operational facilities at the 
airports in the intended routes. 

Block Airp la ne Econ om ics Analy sis — Goal : To 

evaluate the operating economics of an airplane. 

Airplane relative cost values are determined (fhC-2) . 
Airplance economics are evaluated in terms of trip operating 
cost, BOI, break-even load factor, etc. (MKT-4). For a given 
airplane route system, the operating prof liability of the 
airplane is evaluated (MKT-5). As an aiae in design refinement 
economic sensitivity and design trade evaluation can ne an 
option in MKT-4. 
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In addition, the total airplane performance will be 
assessed in terms of reliability and maintainability in regards 
to airplane availability, support costs (personnel and 
material) , and airport operational considerations. This 
assessment will be done by the maintenance, operation and 
support simulation models of BEL-1 and -4. 

Block. II- 7. Forecast Sales Potential — Goal: To forecast 

the sales potential of a new airplane. 

Requirements of the new airplane are calculated by airline 
and year ro determine total sales porential of the new airplane 
(MKT-6) . 

B lock I I-8. Suitable S ale s Poten ti al — Goal: To assess xf 

the sales potential is enough for the related development cost. 

ban decision based on a review of the sales potential for 
each candidate configuration under investigation. 


4.2. 3. 3 Level III - Configuration Sizing 

The goal of Level III is to size candioate configurations 
to the design mission and criteria. The sizing logic should be 
constructed to be executed with minimal user intervention. 

The Level III network has been divided into two parts, 
i.e., '‘geometry sizing" and "structure sizing." Tne geometry 
sizing part is an iterative process controlled by an equation 
solving module (DCA-4) which drives the configuration design 
variables such as wing area, root chord, tip chord, etc., until 
a prescribed set of equality and inequality constraints such as 
range, field length, etc., are satisfied. The analysis to 
support geometry sizing is based on statistical data and no user 
intervention is envisioned when a configuration designer 
develops the input. The structure sizing part provides 

definition of the primary structure which is sized by analysis. 
This analysis includes static loads with statistical factors for 
dynamic loads, smeared material which is stress sized for 
strength and fatigue, weights and an optional flutter analysis. 
The basis for the weight estimate of secondary structure and 
nonstructure items remains statistical. The iterative looping 
for structure sizing is man controlled and the configuration 
designer may consult with specialists from the following 
disciplines: structure design, static loads, dynamic loads, 

stress, flutter and weights. 

B lo c k III-l. Dev alop Level II I Input s — The development of 

inputs for Level III will be similar to Level II for the 
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categories o± user and data base inf ormatxon. However, in many 
cases a Level III execution will begin from a Level II solution. 
In these instances, the preparation of information required fay 
Level III from Level II results is to be done by automatic 
processes- Tnese default calculations will be approved and 
corrected by the user prior to execution of Level III- 

It will be desirable, but not necessary, to execute Level 
III without interruption, so that the input information tor the 
entire execution snould be available at the beginning- The user 
may monitor the solution, especially in cases where optimization 
is neing done, to interrupt, correct, then restart a solution- 

Block III -2. Calculate Geom etr y — Goal: To define and 

control the airplane geometry including planforms, arrangements, 
propulsion and the location of major eguipment items. 

An airplane geometry consisting of the body, wing, 
empennage, power plants, and landing gear is integrated into a 
lotted general arrangement (DCA-1, DGL-1 and PEO-1 or PKO-2) . 
The initial sizes are input and may represent an existing 
airplane, a modification of an existing airplane or the 
designer's judgment for a new airplane- This module will accept 
input from subsequent analysis modules and will resize the wing, 
engines, empennage and control surfaces and/or will relocate the 
wing and landing gear to meet the mission requirements and 
criteria for performance, weights, balance, loadafaility, 
stability and control. 

The Dody is characterized by the fineness ratio, planview, 
halfbreadth, camber lino, crown line, keel line and floor line- 
The design is related to the requirements for the control cabin, 
payload (passenger, baggage and cargo) type of empennage and 
propulsion arrangement. The payload requirements include 
criteria for comfort, seating arrangements, aisles, access to 
emergency exits, lavatories, galleys, cargo compartments, cargo 
containers, doors, clearances for loading and emergency 
evacuation, windows and structure. 

The wing is characterized by parameters such as aspect 
ratio, taper ratio, sweep angle, thickness form, twist, and 
camber form. Flight and ground control surfaces are identified 
by type and by percent of chord and span. Spars and the main 
gear support structure are located to provide space for control 
surfaces and actuators. Spar depths and wing fuel volumes are 
determined . 

The empennage is characterized by the location and type of 
norizontal stabilizer (body moui.ted or mounted on the vertical 
fin) and by parameters similar to the wing. 
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The power plants are characterxzed oy an engine cycle 
(rubber engine) and a nacelle geometry or by input of a specific 
engine and nacelle. The engines may be located symmetrically on 
the wing and body or on the body centerline. The rubber engines 
are sized jfor takeoff or cruise thrust. 

The landing gear arrangements are characterized by kind 
(bicycle or tricycle) , type (dual or truck) , and number of main 
gear (two, three or four) . The gear is located and sized to 
meet criteria for strength, flotation, ground handling, takeoff 
rotation, pitch and roll. 

The controls are characterized by primary flight 
(longitudinal, lateral and directional), secondary flight (lift 
and drag) and ground (drag and directional) . The primary flight 
control surfaces are sized and located to meet stability and 
control criteria. The secondary flight and ground control 
surfaces are sized and located to integrate with the flight 
control surfaces and landing gear sriucture and to meet 
requirements for field length performance. 

Major items such as fuel tanks, electronics, environmental 
control units and the auxiliary power control unit are located 
to reserve space and to provide weight and balance information. 
(DCA-3, STH-1, -23, -24, -25). 

Block I1I-3. Ca lculate Cruise Performance — Goal: The goal 

IS to calculate the cruxse part of a mission in order to 
determine fuel burned, block time and flight profile. 

The cruise part of the mission consists of the acceleration 
and climb to the cruise altitude and speed, the cruise, the 
descent for landing, and the diversion to an alternate, all done 
by PRF-2. Simplified equations of motion are integrated, and 
give results that are accurate to within ±1% of the actual 
results. The cruise drag is provided by module ARO-7. Thrust 
and fuel consumption information is provided either by table 
lookup (PfiO-5) or by thermodynamic cycle matching {PHO-3 or PEO- 
4), together with the engine installation module (PEO-6) . in 
general, tne cycle matching technique will be used, as it is 
more flexible and can provide practically any thermodynamic 
parameters pertaining to the engine. 

The output of this event will be fuel burned, flight times 
and mission profile. 

Blo ck I II-4 . Type B We i ghts A va il able ? — Goal: If the 

Level III analysis has been executed to the point where type B 
weights have been calculated (Block III-17 or in Level IV) , 
rather than re-executing a statistical type A weights analysis 
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because of a slight ciiange in the configuration, it would be 
more accurate to scale the group weights as determined in the 
type B weights analysis. This would be done in Block III-7. 

B lock 111-5. Calculate Height an d Balance - Type A — Go al : 

To provide the necessary output, consistent with the amount of 
information known at this level, to determine if the 
configuration under consideration is acceptable from the 
standpoints of weight, balance and loadability. 

The Technical Program element <HTS-2) which provides this 
information contains the following analysis; 

1. Statistical OEvJ weight prediction methods which 

produce a 30 item group weight statement {base buildup 
options) , 

2. Statistical OEH balance arm prediction methods which 
produce a 30 item horizontal center of gravity (eg) 
statement, 

3. Fuel volume and management calculations, 

4. Passenger, cargo, and fuel loading calculations, 

5. 3- axis mass moment of inertia, about the airplane eg 
calculations, 

6. Airplane balance and loadability calculations 

(determined in conjunction with the stability and 
control Block III-6) . 

The base buildup statistical eguations are of a form such 
that each group weight item is predicted as a function of a set 
of independent parameters. This type of equation is not suited 
for scaling. 

B lock. III-6. Sta£ili.ti an d Contro l A n aly s is — Goa 1: The 

horizontal and verrical tail surfaces are sized and^ located on 
the airplane in conjunction with a practical eg location and 
range. The main landing gear location and size is selected. 
Lateral control surfaces are sized and located on the wing. 

An option allows aft balanced configurations to be studied, 
for expected performance benefits, using a handling qualities 
longitudinal SAS. 

The stability, control and balance module (SCC-l) uses 
Boeing experience in subsonic airplane design to formulate (and 
to design) certain critical requirements for longitudinal 
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stability, longitudinal control, directronal stability and 
directional control. Lateral controls are selected using Boeing 
experience on swept wing airplanes. 

An option is provided by S6C-2 which uses statistical data 
to provide an increment of maneuver margin which will be 
provided by a stability augmentation system (SAS) . This option 
allows a wider discretion in eg location and range. 

If the S&C requirements are not met, the geometry module 
will be required to resize the empennage and/or control 
surfaces. These changes are controlled by DCA-4 and are 
executed after the test in Block III-8. 

B lock III- 7. Sca le Weight and Balance — Goal; To provide 

the necessary output, consistent with the amount of information 
known at this level, to determine if the configuration under 
consideration is acceptable from the standpoints of weight, 
balance and loadability- 

The Technical Program Element which provides this output 
contains the following analysis (HTS-2) : 

1. Statistical OSW weight prediction methods which 

produce a 30 item group weight statement (scaling 
options) , 

2. Statistical OEM balance arm prediction methods which 
produce a 30 item horizontal eg statement, 

3. fuel volume and management calculations, 

4. Passenger, cargo, and fuel loading calculations, 

5. 3-axis mass moment of inertial about the airplane eg 
calculations, 

6. Airplane balance and loadability calculations 
(determined in conjunction with the stability and 
control analysis (Block III-6)). 

The scaling statistical equations are of a form such that 
each group weight item is predicted as a function of a base 
weight and a set of parameters which are normalized to reflect 
changes in the configuration. 

Block III-8. Load abi li t y/OE W Crit eria Ke t? — Goal 1: To 

compare the OEW calculated oy the weights analysis Block III-5 
or Block III-7 and the OEH sized by the cruise performance 
analysis (Block iII-3) and to determine if the difference 
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between the OEM's are within acceptable limits. I£ the 

difference is too great, the geometry module (Block III-2) will 
be required to resize the configuration. The required changes 
are computer controlled by DCA-4. 

Goal 2; To compare the available forward and aft center of 
gravity limits as determined by the stabilxty and control 
analysis Block. III-6 and the required forward and after center 
of gravity balance and loadability limits as determined by the 
weights analysis (Block III-5 or II1-7) . If the difference 
between the required and available center of gravity limits is 
too great, the geometry module (Block 111-2} will be required to 
resize the empennage. If the OEM eg position does rot result in 
acceptable airplane balance, the geometry module (Block III-2) 
will be required to adjust the position of such items as the 
wing and gear relative to the body. The requirea changes are 
computer controlled by DCA-4. 

Block III- 9. C al c ulate Low S pe e d Pe rf ormance a nd 

O bserver Station No i se — Goal: This activity will calculate 

the takeoff and landing performance of a configuration. 
Observer station noise will be provided. 

The takeoff and landing performance is determined by 
separate Technical Program Elements. However, both are 
supported by a low speed lift and drag module (ABO-8) and by 
thrust and fuel flow modules that utilize either table lookups 
(PHO-5) or thermodynamic cycles (PfiO-3 or PRO-4) . The 
propulsion modules are interfaced by the engine installation 
module (PEO-6). 

Takeoff and climbout performance (PBF-3) are provided by 
integrating simplified equations of motion. The takeoff field 
length is determined for the balanced field situation, and the 
largest tlap setting that will meet the FAA minimum climb 
gradient is used. 

Landing performance {PEF-4) is also found fay integrating 
the equations of motion. The procedure finds the minimum flap 
setting that will meet the FAR 25 climbout requirements. 

Observer station noise for takeoff, approach and sideline 
IS estimated using module PBZ-1. 

B lock I I I-I Q. Desi g n Cr i ter i a Met? — Tne loop that iterates 

to size a configuration begins at Block III-J and ends at this 
block. The iteration is necessary to find the values for the 
parameters controlling the configuration size that produces a 
geometry that meets the input requirements. The order of the 
activities in the loop of Level III will cause the size to be 
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established first to do the cruise part of the mission, then the 
takeoff and landing portions. The cycling will be computer 
controlled by DCA-4. 

Block II I-ll. Calculate Finance. Cos t , Market Suitahilit y- 

The configuration sizing of the first part of Level III will 
produce performance information of greater reliability than was 
available from Block II-5. Thus, the finance and marketing 
activities of Blocks XI— 6 ar d 11—7 can be repeated to obtain 
better insight into the product suitability. This reguires the 
use of FNC-1, a preliminary design cost model, and MKT-4, -5, -6 
to evaluate the route system application on the market model of 
the configuration under consideration. Market suitability and 
the forecast of sales potential can be updated. 

B lock I II-12. Defi ne S tr u ctura l Co ncepts & Structur al 

Arrangemen t — Goal: Define the structural concepts and 

materials of the airframe primary structure. Synthesize the 
structural arrangement in detail adequate for preliminary gross 
sizing but consistent with appropriate design criteria. 

Identify the nature of the primary structure for the magor 
components, wing, body, empennage, landing gear and 
nacelles. The materials and structural concepts chosen will 
influence allowable loads and deflections which are determined 
in subseguent network event blocks. 

Integrate the major structural elements into the airtraroe 
geometry in a manner appropriate for the structural concepts, 
materials used, manufacturing capabilities and other design 
criteria. Spars, ribs, bulkhead, cutouts, frames, stringers, 
keel beam, floor beams, longerons and landing gear support 
structure are located and identified. The arrangement of these 
primary structural elements will provide for an efficient, 
durable, low-cost and most important, safe airframe. Many 
design criteria are involved in this synthesis. In addition to 
those already mentioned, structural continuity, fail safety, 
fatigue, redundance, fuel management, fuel tank sealing and 
access, manufacturing capabilities and practices, systems space 
envelopes and certification requirements are some other less 
obvious but important considerations. 

Geometrical considerations will be based on input from 
Block III-2 (calculate geometry) and the output will provide the 
necessary depth for finite element geometry used later in Block 
V-11. The output of this task will also be compatible with 
computerized drafting practices and requirements. This will 
provide for use of these methods and this data for layout and 
design studies at Levels IV and V and further, a first basis for 
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computer drawn aetail parts at Level VI (DSA-l, ~2, -3, -4 and 
DGL-9) . 

Calcu late W ing, Body, and Em p e nnage 

Paneling 6 Height Distri b ation s — Goal: To provade the 

necessary information for initial structural loads and stress 
analyses. The required information is of the following types: 

1. airplane planform and section yeometry, 

2. Airplane aerodynamic and structural panel definitions, 

3. A preliminary estimate of the structural panel 
weights, center of gravities, and inertias. 

When operating within the IPAD system, items 2 and 3 will 
be performed by this activity, while item 1 will be done by 
Block III-2. 

The program element available for the wing analysis is ifTS- 
3 and the program element available for the body/empennage 
analysis is WTS-4. 

B lock I 11 -1 4. Ai rpl a ne Static Lo ads — Goal: Calculation of 

load distributions on the major airframe components resulting 
from design conditions {static and gust formulae) and a fatigue 
mission profile. 

Wing loads are calculated using a theoretical pressure 
distribution based on a modified Kuchemann lifting surface 
theory (SLO-1) . This data may be modified to include effects 
not predicted by theory or previous wind tunnel information. 
Load distributions are based on the Heissinger L method (SLO-2) , 
yielding spanwise distributions of shear, moment and torsion 
along the load reference axis. These distributions include 
effects of airload, inertia and thrust from wing mounted 
engines. 

fuselage load distributions are calculated by summing a 
series of idealized inertia panels (SLO-3) - 

Empennage loads are calculated as a function of rigid 
airframe response to control or gust input and tail oft 
aerodynamic characteristics (SLO-3) , 

Flight condition data will be input by a knowledgeable 

user. 
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B lock III-1 5. S ize Struc t ure for Strength and Fatigue — 

Goal: Prelxmxnary gross sizing of the primary structure for 

static strength and fatigue (faxl-safe design) to establish 
charac teristics. 

for the structure defined in Block III-12 and the loads 
calculated xn III-14, the prxmary structure is sized at selected 
sections for statxc strength and fatxgue. The fatxgue analysxs 
estimates ground-air-ground (GAG) cycle stresses and GAG damage 
ratios. The wing upper panel, lower panel, front spar and rear 
spar are sized (skxn, or web, thxckness and stiffenxng material) 
and the section flexural rigxdxty, torsional rigidxty and shear 
center location are calculated (STfi-1) . The body upper lobe, 
lower lobe, deck and sxde-walls are sized and the sectxon 
flexural rigidity (about a vertical and a lateral axis) , 
torsxonal rigxdxty and shear center location are calculated 
(STH-2) . The empennage structure is sized in a manner analogous 
to the wing,. 

Material properties, structural component allowables, 
fatigue, Seliability Factors, GAG cycle stresses and GAG Damage 
fiatxos for locations on major components are obtained from the 
Data Base. 

JJlementary beam theory, modified by effectiveness factors 
to account for sweep effects or structural discontinuities, is 
used instead of the more costly finite element analysis. 
Elementary beam theory is technically adequate for a magor 
portion of the structure. For those regions where elementary 
beam theory is not technically adequate, past experience is used 
to suitably modify the theory via the effectiveness factors. 

Bl ock III-16 . Flexibility C U a J13e Si gnifi c ant — Goal: A 

computer or man decision on the significance of the change in 
flexibility. 

Loads are calculated for a given flexibility, the resulting 
strength designed structure is sized and a new flexibility 
calculated. If the change in flexibility is such that a 
significant loads change would result the loads and sizing 
routines Blocks III-14 and III-15 are repeated. 

If the change is not significant the resulting structure is 
weighed (Block III-17) . 

Blgck_IlI-i7^ C alculate Height. Balan ce, and Loaaab ility - 

Type B — Goal: To calculate Type B weight, balance and 

loadability for the configuration which has been sized for 
strength and fatigue. 
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OEIGINAi; PAGS 
OF POOR QUALTEfl 

To accoiaplxsh this activity involves Technical Proqtam 
illements which do the following: 

1. Execution of the weights update control module (i<TS- 
15) which would re-execute only those portions of the 
weights Technical Program Elements whose input had 
changed, 

2. Calculation of wing primary structure mass elements 
based on smeared stress sized material (WTS-5), 

J. Calculation oi body/eiupennage primary structure mass 

elements based on stress siz»=a material (wTS-6) , 

4. Calculation of wing secondary structure mass doinents 
(WTS-7) , 

5. Calculation of body/empeunage secondary structure mass 
elements (WTS-8) , 

b. Calculation of landing gear mass dements (WTS-9, 

7. Calculation of nacelle and strut, propulsion, fixed 
equipment, and standard and operational mass olemeitts 
(WTS-10) , 

8. Calculation of tuel mass elements (HTS-11) , 

9. Accumulation of mass clemonts within each structural 
panel and th^ calculation of weight, center of 
gravity, and inertia tor each structural panel and for 
the wing, body, and empennage (W'PS-12) . 

10. Generation of a weight statement patterned after the 
AH 9102-D format based on the previously calculated 
mass elements (WTS-ll), 

11. Calculation of total airplare mass properties for 
various point^a on the balance aaagram and tne 
determination of updated panel mass properties lor 
recycling through the structural analystrS of BIocks 
III- 14 and III-15 (WTS-14) . 

The Type B weights are suited for scaling. Data 
communication is shown on figure 4,4 and will be similar in 
Levd IV. 

Blo ch III-1 8, P ane l ^lass/Jnertid Change S ig ni fica n t ? — 

bince the loads analyses are sensitive to panel mass properties, 
each time tho weights analyses updates the panel’s mass, center 
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Figure 4-.i| Weights Analys i s - Data Communication 
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of gravity and inertia, the effect of these changes on the loads 
analyses should be examined. If the panel mass properties 
changes are significant, the loads and the sfructural analyses 
should be re-executed. 

Block I II-19. Loada bilit v/OEW C riteri a Met? — Goal 1: To 

compare the OEW calculated by the weights analysis, (Block III- 
17) and the OfiW, as sized by the cruise performance analysis 
(Block III- 3) and to determine if the diflerence between the 
OEW's are within acceptable limits. If the difference is too 
great, the geometry module (Block III— 2) will be reguired to 
resize the configuration. The reguired changes are man 

controlled in the strucrure sizing part of Level III. 

Goal 2: To compare the available forward and aft center of 

gravity limits, as determined by the stability and control 
analysis (Block III-6) and the reguired forward and aft center 
of gravity balance and loadability limits, as determined by the 
weights analysis (Block III-17) . If the difference between the 
reguired and available center of gravity limits is too great, 
the geometry module (Block III-2) will be reguired to resize the 
empennage. If the OEM eg position does not results in 

acceptable airplane balance, the geometry module (Blocs 1II-2) 
will be required to adjust the position of such items as the 
wing and gear relative to the body. The required changes are 
man controlled in the structure sizing part of Level III. 

block III- 2 Q. Do F lutter An alysis? — Man decision to 

execute or bypass the flutter analysis. 

B Ipc k 111^21.; Equat ions o f Motion, F lutter Opt ion — Goal: 

Formulate the equations of motion for flutter analysis or the 
initial structural sized configuration. 

The equations of Motion for the flutter analysis of a 
configuration with high aspect ratio wing will be formulated as 
a second order system of ordinary differential equations with 
the generalized mass and stiffness matrices (BlocK EM-5) and 
generalized forces matrices calculated by lifting line theory 
(SPL-12) . Vibration modes calculated from Block EH-5 will be 
used as generalized coordinates. 

Block 111^22^ Fl ut t er Analysis — Goal; Conduct flutter 

evaluation of the initial structure sized contiguraticn. 

A simplified preliminary flutter analysis of the initial 
structural sized configuration will be performed. The flutter 
equations will be solved by eitner the traditional v-g method 
(SFL-10) , or the classic British method (SFL-11) , or an 

automated scheme (SFL-12) . Flutter results will be nand 
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interpreted or monitored on an interactive display by a flutter 
analyst when usrng programs SFL-IO, SFL-11. However, using the 
program SFL-12 flutter results are calculated automatically. 
Flutter sensitities with respect to the placements of engines or 
external stores and to the fuel distributions will be presented. 
The purpose is to make an initial flutter check which will be 
used as a guide in rating competing configurations. 

Block I II-23 . Ca lcul at e N ois e Footpr in ts — Goal : Pro vide 

noise footprints for the airport community. 

On completion of the Level 111 configuration sizing, aoise 
footprints will be calculated by the Noise Prediction dodule 
(PNZ-1) . The footprints will provide perceived noise level 
contours along the flight path for both takeoff and approach. 
These contours predict the maximum perceived noise levels on the 
ground . 

B lock I II-24. Summariz e P erf orman ce , Financ e, Co st, 

and M a rket S uitabil itv--At this point, the design sizing of 
Level III will have been completed. It will be useful to 
collect the ^ most recent technical information about the 

configuration and summarize the pertorraance and cost. From 
there, the market suitability will be investigated. The 

performance summary will be dene by PRF-5, finance ana cost 
consideration by FNC-1, and the market suitability by HKT-h, -5, 
~ 6 . 


The utilization, maintenance and dispatch reliability will 
be assessed. Probable route structures, aircraft fleets, 
airport facilities, opetational and onvironmertal factors are 
used by SEL-1 and, -4. Additional inputs to these are . ground 
service equipment and airplane interactions as well as 
maintenance time data produced by BSL-6 to -13 and -15 to -40'. 
Also included is a determination of the capability to change an 
engine w.ittiin^ a time interval compatible .with the planned 
utilization. This ife a manual review. 

Block Co nfig u ra tion Acc eptable — Goal: Nan 

decision based on a review of the effects of the primary 
structure definition on the performance, noise levels, cost and 
market s.uitabiiity of the final airplane configuration analyzed 
in Level III. blocks 111-23 and III-24 proviae data for this 
review. 

B lock _I 2 b H odlfy C onfiguration or Mission — There are 

two options from a negative result in Block III-25. Tne 
designer may elect to retain the design mission and' criteria and 
return to the beginning of Level III to resize, using different 
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sizing rules or the designer oay return the design sequence to 
Level II to evaluate the effects of an alternate desxgn mxssion. 


4. 2. 3. 4 Level IV - Configuration Refinement 

The goal of Level IV is to refine a configuration by 
applying more advanced analysis methods to the design. 
Competing configurations may be evaluated based on Level TI and 
Level III data provided that sufficient configuration similarity 
exists to insure that consistent analysis techniques have been 
used. Therefore, only the best configuration of each type will 
be selected for configuration refinement in Level IV. 

Block IV-1 . Deve lop Leve l IV I nput s — The design and 

analysis activities of Level III have enriched the data base 
about the configuration. These new data, as well as criteria 
and constraints from Level II, will be put into forms suitable 
for the level IV analysis methods. This action will be 
supported primarily by the data base manager. Additionally, 
user inputs and information from the data base not previously 
required will be established. This activity is shown 
symbolically at the head of Level IV, but due to the interactive 
nature of Level IV, the data preparation activity may be done 
selectively throughout Level IV. 

B lock IV-2. Wing Prelim in ary Aero d yna m ic Desig n - 

Par am etric Definition — Goal: To determine if the parametric 

distributions of wing thickness camber, twist and shear can be 
successfully developed into a valid wing for subsequent wind 
tunnel testing. 

The geometry design of Level III done fay modules DCA-1, 
DGL-1 and PRO-1 in Block III-2 will specify parametrically a 
wing thickness, camber, twist and shear distribution. The 
activity in this block is to determine if the wing so generated 
is sufficiently close to an aerodynamically suitable definition. 
If not, then the degree of modification required will be 
investigated, to see if the results of Level III are 
invalida ted. 

The investigation of the parametric wing uses the geometry 
module DGL-1 to turn the parameters rnto wing contours. The 
desigu/analysis is driven by module ARO-2, which uses module 
ARO-1 to provide wing and body pressures. The design/dnal /sis 
proceeds only far enough to determine the suitaoilxty ot the 
wing. The wind tunnel model design will be completed later. 

Clo^_lV-3^ Ge omet ry Change? — Goal; To uecide whether or 

not to modify the Level III wing definition. 
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Tiie design/analysis of Block IV-2 will determine if the 
wing from Level III can be developed vith only minor 
modifications into a wing that will likely produce the desired 
performance in a wind tunnel test. If the upper isobar pattern 
and span load design objectives can be met with minor camber or 
twist changes, then the wing will be acceptable, and the network 
flow will precede to Block IV-4. If, however, major camber and 
twist or thickness modifications are suggested, then the design 
process must return to the start of Level III to incorporate 
these modifications into the design. 

Blo ck IV-4. Stability- and Control Analy sis — Goal: The 

preliminary design sizing of the airplane conducted in Level III 
is analysed in detail to decide what changes are required (if 
any) to the tail surfaces and control surfaces to meet specific 
design requirements and provide good flying qualities. Analysis 
of the configuration provides data whereby a computerized pilot 
model, in conjunction witn a handling qualities estimator, will 
output pilot rating numbers for specific disturbances or 
maneuvers. In addition to the simulation certain checks are 
made to establish that airplane control capability is adequate 
to meet specific requirements - particularly critical for low 
speed performance such as landing flare, minimum control speed, 
roll response. 

Analysis of the airplane control and dynamic stability 
characteristics is achieved using Technical Program Elements 
S6C-3, -4, -5, -12, -13, -14, and -17 to calculate aerodynamic 
parameters. These programs analyze the airplane configuration 
using estimated aerodynamic data or wind tunnel data, if 
available, and provide the longitudinal lateral and directional 
static and dynamic derivatives, including control surface 
effects, necessary for dynamic analysis and simulation. 
Standard textbook and data sheet methods are used to compute 
aerodynamic derivatives which are factored where appropriate by 
aeroelastic correction factors obtained initially from Level III 
analysis (Blocks 111-14, III-15) and finally from Level IV 
analysis (Blocks IV-45, IV-46) (when additional passes through 
level IV occur) . 

An assessment of the airplane dynamic stability and control 
characteristics is achieved by SSC-6 which uses small 
disturbance theory to provide response characteristics, 
frequencies, periods, times to damp, etc. 

A computerized' pilot model, in conjunction with a handling 
qualities evaluator (S&C-18) is used in addition to the dynamic 
characteristics program (SBC-6) to provide information on the 
airplane flying qualities by outputting pilot rating numbers 
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(based on the Cooper scale) for specific disturbances and 
maneuvers. 

Additional technical program elements (sec-7, S6C-8, SSC-9, 
S&C-IO, S6C-11) perform specific control effectiveness checXs to 
meet the following requirements: 

1. Takeoff rotation 

2. Landing flare Adequate control to 

► meet low speed 

3. Minimum control speed, ground performance 

4. Minimum control speed, air 

5. Roll response criteria All speeds 

Block IV-5» Update ffeights - T ype B — Goal: To update the 

weights based on minor changes to the configuration in order to 
achieve acceptable stability and control. These changes are of 
a minor nature in that they do not result in a geometry change 
which would affect the entire design, but instead they would 
primarily affect the weight. An example might be to change from 
a single hinged rudder to a double hinged rudder. 

To account for these changes, the following weights 
Technical Program Elements would be used: 

1. For purposes of increasing the accuracy. and decreasing 
the computational time required to perform the weights 
analysis, it would be desirable to develop a weights 
Technical Program Element (WTS-15) which would re- 
execute only those portions of the weights programs 
whose input had changed, 

2. Update of the wing secondary structure mass elements 
(STS-7) , 

3. Update of the body/empennage secondary structure mass 
elements (8TS-8) , 

4. Update of the fixed equipment mass elements (WTS-10) , 

f>. Generation of a weight statement patterned after the 
AN 9102-D format based on the previously calculated 
mass elements (NTS-13) 

Block IV- 6. Geometry Change — Goal; Determine if changes 

in tail surfaces or flight control surfaces are required. 
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This decision is manual and human judgment will be 
required. If the stability and control characteristics (IV-7) 
clearly show a stability deficiency or a control effectiveness 
well below the requirement then a geometry change decision is 
clearly indicated and a return is made to Level III. However, 
control surface effectiveness increases causing only small 
changes to the configuration can be accommodated with an update 
in weights (Block IV-5) and recycle through the stability and 
control analysis (Block IV-4) . 

Block I Y-7. S tability and Control A cceptable — Goal : 

Determine if~the stability and control requirements have been 
satisfied. 

This decision is manual and human judgment will be 
exercised in the interpretation of the criteria and whether the 
need to recycle the event is required. 

Block IV- 8. Start ^ind Tunnel Hodel? — Goal; Decision to 

be made about starting the design of a cruise shape wind tunnel 
model for testing in Level V. 

This is a man decision influenced by confidence gained in 
the aerodynamic and stability and control design analyses 
performed in Blocks IV-2 and IV-4. Wind tunnel model 
construction requires up to 3 months design lead time, hence, an 
intelligent decision can shorten the time to develop a 
configuration design in Level V. This decision is considered 
each time this point in the network is passed. 

Block IY-9. * Size Actuators — Goal; The preliminary sizing 
of all control system actuators is made to improve the airplane 
weight estimates and assist in hydraulic power requirements and 
system definition, flutter considerations, and physical space 
requirements definition. The design functions of reliability 
and redundancy analyses, flight control system synthesis and 
analysis, and actuator sizing occur in preliminary detail in 
Level IV so that system definition and subsequent airplane 
refinements will not cause transients in Level V. The absence 
of wind tunnel hinge moment data and aeroelastic correction data 
is the reason the actuator sizing is preliminary. 

Rigid control surface hinge moment coefficients for all 
flight control surfaces are established by preliminary analyses 
using theoretical estimates or historical data- Technical 
Program Elements (SSC-15, 16) using estimated aeroelastic 
corrections based on historical data for subsonic transport 
airplanes compute the actuator requirements. In addition, the 
actuator sizing is dependent on the (FCS-17) program used tor 
defining redundancy and reliability. Control surface actuator 
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rate requxrenents are specified front past experience gained on 
similar aircraft. 

Block I V- 10. Beliability and Hedundancy Analysis — 

Goal (1) : To establish the reliability and redundancy 'of the 
aircraft and its systems. 

The flight control system is examined by FCS-17. 

Previously assumed levels of redundancy are compared with 
selected criteria to assure that selected control systems and 
supporting systems are adequate. 

Goal (2) : To establish safety requirements and 

allocations. 

Ground and flight safety must be considered in design and 
evaluation. Inflight safety is a function of the man/machine 
performing in the overall operational environment. Requirements 
and allocations for inflight safety are developed from 
historical data and the projected design mission profile. 

Ground safety is affected by the aerospace vehicle itself 
and its operation and interface with ground operations 
equipment, personnel and facilities. Safety allocations and 
requirements evolve from consideration of these factors, and 
historical safety problems in relation to the projected ground 
operations. 

Development of safety design requirements and allocations 
is a manual function. 

Goal (3): To establish reliability and maintainability 

requiiements and allocations. 

Both inflight and dispatch reliability must be considered 
in design evaluation. Inflight reliability is mainly a function 
of inherent reliability of the airplane equipment. Requirements 
and allocations for inflight reliability are developed from 
historical data and the progected design mission profile. 

Dispatch reliability is affected by available ground time, 
capability to defer and perform maintenance required to dispatch 
in the time available, as well as the inherent reliability of 
the aerospace system equipment. Both reliability and 
maintainability requirements and allocations evolve from 
consideration of these factors and history in relation to the 
projected design mission profile. 
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Development of reiiabilxty and maintainabxlity design 
requirements and allocations is a manual function, supported by 
SEL-6 to -13, REI-15 to -40 and KEL-42. 

Goal (4) : To evaluate failure mode effects and determine 
needed corrective action. This analysis focuses on reliability, 
maintainability and safety problems and serves as a starting 
point for quantitative system reliability and safety analyses. 

The effect of failure of all identified functions and 
components is determined within the system for each failure 
mode. Beans of recognizing the failure and compensatory 
provisions and procedures are identified. Order of probability 
of occurrence of the event is assessed. 

Performance of the failure mode effect analysis is manual. 
Output IS a tabulation by function or component of factors 
associated witn irs failure modes. 

Goal (5) : To identify fault hazards associated with 
operation of the system and their safeguards. 

A fault hazard analysis is a tabulation of all hazards 
identified with operation of the system through each phase of 
operation. Function, component, operator failures and 
combinations of failures causing the hazard are identified. 
Order of probability for each combination is assessed. 
Compensatory provisions and/or procedures are identified. 

Performance of the fault hazard analysis is manual. Output 
IS a tabulation by hazard of factors associated with its 
occurrence. The analysis is supported by REL-6 to -13, fiKL-15 
to -40 and 8SL-42. 

Goal (6): To assess relative merits of the flight control 
system design trade studies and to assess the overall system 
from the standpoint of safety and reliability. 

Flight safety and redundancy studies of the flight control 
system in all flight phases and design conditions are stuuiea. 
Fault tree (REL-5) analysis is used for overall airplane flight 
safety assessment of the control system. 

Redundancy studies within tne flight control sub-systems 
are performed with the COBRA (REL-3) , the ARKB (BEL-2) and 
CTS (EEL-14 and 41) programs. 

B lock IV-11 . Enter ed a t B? — This is a computer decision. 

In a pass through of Level IV the flight control system is 
analyzed with rigid body modes plus quasi-static aeroelastic 
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correctxons in iy-i2 and ¥ith elastic body modes in IV-53. The 
analysis mode in IV~53 decides that further passes through IV-12 
are unnecessary. 

Block_IV:2i£a. Flight Control System Synthesis and Analysis 

— Goal: Flight control system gams and compensation filters 

are selected. The flight control system design is necessary to 
provide required airplane handling qualities. Components of the 
flight control system are sized for weight considerations. 

Optimal control theory (FCS-3, FCS-6, and FCS-7) is used to 
automate the parameter sizing process for each flight condition. 
The generalized inverse technique (FCS-4 or FCS-5) is used to 
force parameter compromises necessary for satisfying the flight 
control system over the entire flight envelope. The resulting 
control system is analyzed for stability margins by use of 
classical linear controls analysis techniques {root locus. Bode, 
etc., FCS-1 or FCS-2) . The preceding programs (FCS-1 and FCS-2) 
perform dynamic response checks to evaluate the compliance with 
airplane handling qualities criteria. 

Another computer program development (FCS-12) is required 
to size flight control system hardware for a weights assessment. 

The equations of motion for this level consist of rigid 
body modes with static aeroelastic corrections (FCS-11) instead 
of the more costly elastic mode representation. The gams and 
compensation would be tempered to anticipate elastic mode 
problems. 

The entire flight control system synthesis process is 
automatic at this design level. However a knowledgable operator 
is required to intervene if problems develop, during on-line 
operation. 

Block IV-13. FCS Criteri a Me t? — Goal: Determine if the 

flight control system criteria has been satisfied. 

This decision is manual, and human judgment may be 
exercised in the interpretation of the criteria. If definite 
control system difficulties are present, the design process is 
stopped, and a review is held. 

Block IY-14. Technical Revie w to Determine Action — Goal : 

Determine required action such as fmther control system 
refinements, modification of criteria, modification of airplane, 
or modification of flight envelope. 

These decisions will generally be a committee function 
outside of the IPAD system. 
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Block IV-15. Opddte Propulsion S ystem Design — Goal: 

Update all propulsion system data to show the effects of the 
Propulsion Installation Analysis (Block IV-15a). 

All propulsion and noise data will be updated to concur 
with the current propulsion system configuration per Block TV-' 
15a. 


I V-15a . Propulsion Installation A nalysis — Go al : 

Analyze and refine the installed propulsion system in a parallel 
effort to the IPAD mainstream. 

All Propulsion and Noise disciplines will be involved in 
the analysis and refinement of the installed propulsion system. 
This effort will involve such areas as inlets, nozzles and 
thrust reversers, acoustic treatment, air bleed and horsepower 
extraction requirements, accessory equipment, as well as the 
bare engine components (compressor, turbine, etc.). The effort 
may require the use of propulsion and noise modules PRO-1, -2, 
-3, -4, -5, -6 and PNZ-1. 

Block IV-16. Instal led Thrust/SFC Change Significant ? — 

Goal: To evaluate the change in the installed thrust or 

specific fuel consumption. 

The performance and sizing calculations of Level III 
assumed an installation penalty to thrust and SFC based on 
historical or empirical values. While the Level III and Level 
IV analyses were conducted, outside activity has been carried 
out to establish by analysis and tests more accurate values for 
the installed thrust and SFC. If these values are significantly 
different than the ones assumed in the sizing activities, then 
the design must be returned to Level III to be resized. 

B lock I V-17. S ystems D e sign — Goal (1) : To define system 

concepts and sizing criteria in sufficient detail to insure that 
design requirements are identified and to provide sizing 
information for weight and balance estimating. 

Flight Control S yste m — Schematic diagrams are developed tor 
each control system using data developed by FCS-12, -15, -17 and 
STH-2, -3, -4. Critical mechanical elements such as control 
mixers and feedback concepts are identified and design criteria 
are established. Actuator sizing and redundancy criteria are 
developed by network Blocks IV-9 and IV-10 and the actuators are 
sized by FCS-15. 

L anding Gear — Schematic diagrams are developed fo'r the 
brake system and the steering system. Sizing criteria for the 
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brakes, wheels, tires and steering are developed {STtt-14, -15, 
and -18) . 

H ydraulics — A schematic diagram rs developed for the 
hydraulic system. Load analysis inputs are used to determine 
fluid flow reguirements, to establish distribution paths and to 
size pumps. Load balancing and component sizing trades are 
conducted (STH-2, -3 and -4). Critical hydraulic system items 
are identified and design criteria are established. 

A uxil i ary Power Onit (APD) — A load schedule is determined 

for shaft power and air flow (STM-8) . Critical considerations 
such as capability for inflight starting are identified and 
design criteria are established. 

Envi ronmental Control System ^BCS) — Schematic diagrams are 
developed for the ECS system and the pneumatic control and 
distribution system. Propulsion and APO interfaces are 
established. Load analysis inputs are used to determine 
requirements for heating and cooling cycles (STH-10, -11 . and 
-12) . Critical considerations such as temperature pulldown 
capability on a hot day are identified and design criteria are 
established. 

Ele ctrical Power System — A schematic diagram is developed 

for the electrical power system. Load analysis inputs are used 
to determine power generation requirements (STH-20) . System 
arrangement trade studies provide initial optimization of 
equipment relationships (STM-21) . Critical considerations such 
as loads which require source redundancy are evaluated and 
design criteria are established. 

AziSSlcs — Mission profile data is used to determine 
reguirements for avionic subsystems: navigation, flight 
instruments, communication, weather radar, utility and advisory 
equipment. Electrical and cooling loads are determined (STM- 
13) . Critical considerations such as category Ilia landing 
capability and reguirements for antenna locations are evaluated 
and design criteria are established. 

E ue l S yste m Schematic diagrams are developed for the 

following ruel subsystems: refuel, fuel vent and surge, and 
engine fuel feed. Flow rates, refuel time, etc., are used to 
establish line sizes (3TM-26, -27, -28, -29, and -30). Critical 
considerations such as pressure constraints, valve failure 
cases, wing deflections, and quantity gauging requirements are 
Identified and design criteria are established. 

Goal (2): Comparative evaluation of design trade srudy 
configurations and assessment of configurations against the 
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reliability, maintainability and safety requirements and 
allocations. 

Fault tree simulation {REL-5) , computerized Boolean 
reliability analysis (REL-3) , automatic reliability mathematical 
modeling (KEL-2) , and CTS (SEL-14 and -41) are used for studies 
at this level. Program selection is dependent on problem and 
system complexity and comparative factor selected roc 
evaluation . 

Bloch IV-18^ Update Weight^-_Ty£e_B (Ron- St r uctural ) — 

Goal; To calculate updated mass properties for the non- 
structural items which have changed since the analysis which was 
made by Block 111-17 was performed. The primary changes will be 
to the propulsion groups (Block IV-15) and the systems groups 
(Block IV-17) , 

To accomplish this activity the following Technical Program 
Elements are involved: 

1. For purposes of increasing the accuracy and decreasing 
the computational time required to perforin the weignts 
analysis, it could be desirable to develop a weights 
Technical Program Element (HTS-15) which would re- 
execute only those portions of the weights programs 
whose input had changed, 

2. Update of landing gear mass elements (WTS-9) , 

3. Update of nacelle and strut, propulsion, fixed 

equipment, and standard and operational mass elements 
(WTS-10) , 

4. Update of fuel mass elements (WTS-11) , 

5. Accumulation of mass elements within each structural 
panel and the calculation of weight, center of 
gravity, and inertia for each structural panel and for 
the wing, body, and empennage (HTS-12) , 

6. Generation of a weight statement patterned after the 

AN 9102-D format based on the previously calculated 

mass elements (WTS-13) , 

7. Calculation of total airplane mass properties for the 

various points on the balance diagram and the 
determination of updated panel mass pioperties for the 
structural analysis Blocks IV-20 and IV-21 (WTS-14) . 
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Bloc k iv-19 . Entered at H? — This is a computer decxsion. 

At this position in the design cycle a need to repeat Blocks IV- 
20 through IV-53 is not required, because this is the last cycle 
thru tor the particular design case under investigation. 

Block IV-20. Airplane Static Loads — Goal: Calculation of 
load distributions on the major airframe components resulting 
from design conditions (static and gust formulae) and a fatigue 
mission profile. 

Wing loads are calculated using a theoretical pressure 
distribution based on a modified Kuchemann lifting surface 
theory (SLO-1) . This data may be modified to include effects 
not predicted fay theory or previous wind tunnel information. 
Load distributions are based on the Weissinger L method (SLO- 
2), yielding spanwise distributions of shear, moment and torsion 
along the load reference axis. These distributions include 
effects of airload, inertia and thrust from wing mounted 
engines. 

luselage load distributions are calculated by summing a 
series of idealized inertia panels (SlO-3) . 

Empennage loads are calculated as a function of rigid 
airframe response to control or gust input and tail off 
aerodynamic chracteristics (SLO-3) . 

Flight condition data will be input by a knowledgeable 

user . 


Any requirements for loads on secondary structure would be 
met by band calculations based on data from a similar past 
conf ig urat ion . 

Block_IV-^.; Size Structure fo r Strength and Fatigu e — 

Goal:~ Preliminary detailed sizing of the primary structure for 
static strength and fatigue (fail-safe design) to improve 
estimates of airplane structural weight and elastic response 
cnaracterist ics. 

For the structural arrangement and structural concepts 
nefined in III-12, the sizing established in III-15 and the 
loads calculated in IV-20, the primary structure is sized at the 
selected sections for static strength and fatigue. The wing 
upper panel and lower panel skin-stringer segments and the front 
and rear spar web thicknesses (and stiffening material) are 
sized for the most critical conditions (static strength or 
fatigue) . Additionally, the section flexural rigidity, 
torsional rigidity and shear center location are calculated 
(ST2-3 and STfi-5) . The fuselage semimonocogue skin-stringer 
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segments are sxzed in aser-defined subsets (e.g., upper lobe, 
lower lobe, deck, sidewalls, etc.). Section flexural rigidities 
(about a vertical and lateral axis) , torsional rigidity and 
shear center location are calculated (STR-4 and STH-5) . The 
empennage structure is sized in a manner analogous to the wing. 

f<aterial properties, structural component allowables. 
Fatigue fielxability Factors and Detail Fatigue Ratings for major 
component structure are obtained from the data base. 

Elementary beam theory, modified by effectiveness factors 
to account for sweep effects or structural discontinuities, is 
used instead of the more costly finite element analysis. 
Elementary beam theory is technically adeguate for a major 
portion of the structure. For those regions where elementary 
beam theory is not technically adequate, past experience is used 
to suitably modify the theory via the effectiveness factors. 

Fl exib i lity Ch a ng e Sign i fica n t? — Goal : A 

computer or man decision on the significance of the change in 
f lexib ility. 

Loads are calculated for a given flexibility, the resulting 
strength designed structure is sized and a new flexibility 
calculated. If the change in flexibility is such that a 
significant loads change would result the loads and sizing 
Blocks IV-20 and IV-21 are repeated. 

If the change is not significant the resulting structure is 
weighed (Block IV-23) . 


Block IV -23^ Update P r imary St ru ct ur e _ Heights — Goal: To 

update the primary structure weight based on the refined 
skin/stringer material sizes supplied by the stress analysis in 
Block IV-21, and present the results in the form of a weight 
statement in order that the structural concepts can be 
evaluated. 

To accomplish this activity involves Technical Program 
Elements which do the following: 

1. Execution of the weights update control module (WTS- 
15) which would re-execute only those portions of the 
weights Technical Program Elements whose input had 
changed, 

2. Update of wing primary structure mass elements based 
on stress sized skin/stringer material (HTS-16) , 
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3. Update of faody/eapennage primary structure mass 

elements based on stress sized sk.in/stringer material 
(MTS-17) , 

^4. Update of wing secondary structure mass elements (WTS- 
18 or WTS-7) , 

5, Update of body/empennage secondary structure mass 

elements {MTS-19 or WTS-8) , 

6. Generatxon of a weight statement patterned after the 
AN 9102-D format based on the previously updated mass 
elements {MTS-13) . 

Block IV-24. Structura l Concepts Sat i sfactory ? — Goal: 

Provide for investigation of alternate structural concepts and 
arrangements. 

Eeview the structural concepts and arrangements identified 
in Block 111-12 and sized in Block IV-21 for possible areas of 
improved efficiency. Should the design be judged adequate work 
would commence at Block IV-25. Should a more optimum design be 
required, it would be identified in Block lV-24a. 

This decision is manual and heavily influenced by judgment 
relative to producibility and risk. 

§ lock IV-24a. Bedef ine Structural Concept and 

Arrangements — Goal: Optimization of structural concepts and 

arrangements. 

Alternate structural concepts and arrangements would be 
investigated for those areas identified as candidates for 
improved structural efficiency in Block IV-24. Sizing for 
strength and fat-igue {Block IV-21) of the original concepts and 
arrangements {Block III-12) has provided a baseline for trade 
studies of possible alternate designs. 

Input data from DSA-1, -2, -3, and -4 would be modified 
using the interactive design tool of DSA-5. All of the 
considerations of Block III-12 will be involved in a process 
heavily influenced by manual judgment in the interactive 
process. STE-3, -4 and -5 would provide structural sizing data 
upon which this judgment would be based. The modified concepts 
and arrangements would then be resized in Block IV-21 to provide 
a new baseline airframe structure (DSA-i, -2, -3, -4, and -5, 

DGL-7 and -9) . 

B lock IV-25. Update Weight. Balance and Loadability 

- Type B — Goal: To calculate Type B weight, balance, and 
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loadabxlity for the conf xgaration which has beer sized for 
strength and fatigue. The primary structure wexghts are based 
on stress sized sk.in/stringer material. 

Host of the technxcdl program elements required to support 
this activity were executed in Blocks IV-18 and IV-23. The 
additional Technical Program Elements required would be: 

1. Execution of wexghts update control {HTS-15) , 

2. Update of fuel mass elements (HTS-11) , 

3- Accumulation of mass elements within each structural 
panel and the calculatxon of weight, center of 
gravity, and inertia for each structural panel and for 
the wing, body, and empennage (HTS-12) , 

4. Generation of a weignt statement patterned after the 
AN 9102-D format based on the previously updated mass 
elements (NTS-13) , 

5. Update of total airplane mass properties for various 

points on the balance diagram and update of panel mass 
properties for recycling through the structural 

analyses Blocks IV-20 and IV-21 (WTS-14) . 

B lock I V -26. Panel H a ss/lnertia Change Uignxficant? — Go al ; 
Sxnce the loads analyses are sensitxve to panel mass properties, 
each time the weights analyses updates the panel’s mass, center 
of gravity, and inertia, the effect of these changes on the 
loads analyses should be examined. If the panel mass“proper ties 
changes are significant, the loads and the structural analyses 
should be re-executed. 

Bl ock IV- 27. Loadabilitv/OEH Criteri a Eet ? — Goal 1: To 

compare the OEW which is calculated by the weights analysis 

(Block IV-25) and the required OEff as sized by the cruise 
performance analysis (Block II1-3) and to determine if the 

difference between the OEW’s are within acceptable limits. If 

the difference is too great, the geometry module (Block III-2) 
will be required to resize the configuration. The required 
changes are man controlled in level IV. 

Goal 2: To compare the available forward and aft center of 

gravity limits as determined by the stability and control 
analysis (Bloch IV-4) and the required forward and aft center of 
gravity balance and loadability limits as determined by the 
weights analysis (Block IV-25) , If the difference between the 
required and available center of gravity limits is too great, 
the geometry module (Block 111-2} will be required to resize the 
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eopennage. If the OEM eg position does not result in acceptable 
airplane balance, the geometry module (Block. 111-2} will be 
required to adjust the position of such items as the wing and 
gear relative to the body. The required changes are man 
controlled in Level IV. 

Block J,Yz.Z§.±. E QuatioD of Motion - Flutter Option — Goal : 

Formulate equations of motion for flutter analysis of refined 
conf igur at ions. 

Activity here is basically the same as design network Block 
IV-21. Added will be the modal interpolation and lifting 
surface theory oscillatory aerodynamics calculations. 

Block I Y -29. Proposed Flu 1 1 er ^ ppression S y s t ^ — G oa 1 : 

A flutter suppression control system is synthesized for the 
purpose of increasing the flutter speed. 

The procedure for selecting gains and filters is similar to 
the procedure described in Block IV-12. Thus, the optimal 
control theory programs (FCS-3, FCS-6, and ECS-7) and the 
generalized inverse technique (FCS-4 or FCS-5) will be used as 
an aid to parameter sizing. However, the criteria and the 
emphasis of elastic modes make this block differ from Block IV- 
12. The strategy is to increase the flutter speed as much as 
possible without introducing stability problems. Sensor 
location and control surface size and location are critical 
considerations. Due to these complexities, manual intervention 
IS required in the synthesis process. In particular, classical 
controls methods of FCS-1 or FCS-2 will be used for the majority 
of the synthesis effort. Note that FCS-1 requires a development 
of Nyquist and Bode techniques for accommodating the frequency 
dependent; (complex coefficient) flutter matrices. 

The equations of motion formed for the flutter analysis 
(Block IV-28) can also be used for the flutter suppression 
system work. However, equations of motion based upon quasi- 
steady aerodynamics combined with the Kagner function may also 
be used. This latter set will be used for cost considerations. 

B lock IV-30. Proposed Fix — Goal: Determine changes on 

configuration geometry, mass, or stiffness for flutter- 
clearance. 

The critical flutter conditions identified in design 
network Block lV-31 will be analyzed to appraise flutter 
mechanism using an energy display approach (SFL-13) . Parametric 
flutter trend studies on stiffness changes, mass balance, and 
geometry change using lifting line, unsteady aerodynamics (SFL- 
12) will be used to determine how the flutter deficiencies 
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should be removed. These trend studies are performed through 
the design network Blocks IV-28, IV-31, IV-32, and IV-30. This 
loop is terminated when the desired flutter clearances are 
achieved. Lifting surface .aerodynamics (presented in the 
description of Block EM-8) will be used to confirm the results 
of changes in stiffness, mass, or geometry. 

Block XV-31 . Flutter Analysis — Goal: Evaluate flutter 

boundaries of the refined configurations. 

Flutter boundaries of the refined configurations will be 
determined over the flight envelope fay the same solution methods 
used in design network Block III-22. 

Bl ock IV-32. Flutter Cr iteria M et? — Goal: Determine if 

the flutter criteria have been satisfied. 

This decision is manual. If flutter deficiency exists, 
improvements will be made by: 1) geometry, mass, or stiffness 
change; 2 ) active flatter suppression system. A decision will 
be made whether 1) or 2) or both should be used to satisfy 
flutter requirements. 

Blo ck I V-33, Geometr y Change? — Goal; Determine if a 

configuration change is required tor flutter clearance. 

This decision is manual. Geometry changes in terms of 
modifications to existing main lifting surfaces, control 
surfaces or addition of new control surfaces may be the results 
of the design network Blocks lV-29 and IV-30. If the geometry 
change is required to clear flutter, the design flow will go 
oack to the start of Level III. 

Bio ck IXz 3 4 _j_ Use Flutter Suppre ssion Sy spe m? — G o al : 

Decide whether or not to use an active flutter suppression 
system. 

The flutter suppression system synthesis is described in 
diock IV-29. The decision is manual and involves considerations 
of benefits, risk, cost, complexity, and weight. 

B lock IV-35. Update FC S — Goal: Be-size the flight control 

components for weight considerations. 

The additional components required for the flutter 
suppression system will be- estimated. A computer program 
development is required (FCS-12) . 
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Block IV-3 6. Cha ng e St iffness? — Goal: Determine if 

structural stiffness change should he made for flutter 
clearance. 

This decision is manual. If the stiffness increase 
(identified in the design network Block IV-30) over the strength 
and fatigue sizing is to be made to clear flutter, the required 
stiffness will be provided for design network Block IV-37. If 
the answer to the question is no, design network block IV-38 
Will be executed and any mass change required for flutter 
clearance will be input. 

B lock IV-37. Update Structural Sizi ng. Goal; To identify 
flutter-prescribed resizing for updating tne primary structure 
weight and to establish minimum size constraints for all further 
strength and fatigue design activities. 

If a stiffness (sizing) increase over the strength and 
fatigue sizing is reguired to meet the flutter criteiia, the 

sizing required is identified and upuated. For all skin and web 

gage increases, the stiffening material will be compared to the 

minimum allowable stiffening material and increased if required. 
Flutter-prescribed sizing will be considered to be minimum size 
constraints in all further strength and fatigue sizing 

activities (STa-3, -4) . 

bl o ck IV-3 8. U pdate Weigh ts, Ba lance, and Loadability 

— Ty p e ,.B — Goal; To calculate Type B weight, balance, and 
loaaabilxty for the configuration which has been sized for 
strength, fatigue and flutter. 

To dccomplisn this involves Technical Program Elcoisnts 
which do the following: 

1. Execution of weights update control (WTS-15) wnich 
would re-exGcute only those portions of the weights 
Techuicdl Program Elements whose input had changed, 

2. Update of wing primary structure mass elements based 
on stress sized skin/stringer material (KTS-16) , 

3. Update of body/erapennage primary structure mass 

elements based on stress sized skin/stringer material 
(WTS-17) , 

4. Update of wing secondary structure mass elements (STS- 
18 or WTS-7) , 

5. Update of Dody/empennage secondary structure mass 

elements (WTS-19 or WTS-8) , 
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6. Update of fuel mass elements (HTS-ll) , 

7. Accumulation of mass elements within each structural 

panel and the calculation of weight, center of 

gravity, and inertia for each structural panel and for 
the wing, body, and empennage (WTS-12) , 

8. Generation of a weight statement patterned after the 

AN 9102-D format based on the previously updated mass 
elements (WTS-li) , 

9. Calculation of total airplane mass properties for 

various points on the balance diagram and the 

determination of updated panel mass properties for 
recycling through the structural analyses (HTS^lh) . 

There will be no updating of the flight control system 
weights until the effects of the flight control system changes 
can be reflected in the other airplane systems analyses (Block 
IV-17) . Therefore the flight control system weights will be 

updated in Block IV-18. 

Bio ck lV-39 . L oddability/0£H Criteri a Het ? — Goal 1; To 

compare the OEM which is calculated by the weights analysis 

(Block IV-38) and the required OEM as sized by the mission 
analysis (Block III-3) and to determine if the difference 
between the OEW's are within acceptable limits. If the 

difference is too great, the geometry module (Block III-2) will 
be required to resize the configuration. The required changes 
are man controlled in level IV. 

Goal 2; To compare the available forward and aft center of 
gravity limits as determined by the stability and control 
analysis (Block IV-2) and the required forward and aft center of 
gravity balance and loadability limits as determined by the 
weights analysis (Block IV-38) . If the difference between the 
required and available center of gravity Limits is too great, 
the geometry module (Block III-2) will be required to resize the 
empennage. If the OEB eg position does not result in acceptable 
airplane balance, the geometry module (Block III-2) will be 
required to adjust tne position of such items as the wing and 
gear relative to the body. The required changes are man 

controlled in Level IV. 

Bloc k IV-40. Entered H Prom J? — This is a computer 

decisron. The decision in Block IV-51 to do flutter analysis 
requires a recycle througn equations of motion (Block lV-28) and 
subsequent events (Blocks 17-31 through IV-39) but no recycle of 
events (Blocks IV-41 through IV-51) which are primarrly updated 
analyses . 
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Block I V -41 . Equat i ons of Motion — Goal: To establish the 

equations of aotion prior to investigating the dynamic loads and 
ride quality. 

The unaagraented quasi-steady equations of motion generated 
in Block EH-11 are a set of theoretical equations vith 

experimental corrections incorporated into them to more 
realistically represent the actual airplane. This block will 

incorporate tne SAS system into the equations of motion using 

Technical Program Element SDl-2. The flight conditions for 
which the equations of motion are to be generated will be 

manually selected to be adequate for the Dyuamic Loads Block IV- 
42. 


Bl oc k IV-42 . Dynami c Loads and Rid e Q uality Evaluati on — 

Goal: The purpose of this element is to provide design loads to 
size the structure of the airplane. However, the many facets in 
providing these loads requires the skill of experienced 
dynamists. 

TO provide design flight gust loads, it is necessary to 
pick points on the flight envelope in terms of altitude, speed, 
payload, and fuel loading which may produce the maximum dynamic 
loads on any selected location of the aircraft. The first step 
IS to check the stability (SDL-3) of the equations of motion 
(Block IV-41) . Then, the equations of motion and load equations 
generated from data of Block EM-10 must be analyzed by a 
discrete gust analysis (SDL-6) , a statistical PSD gust analysis 
(SDL-4) using the design envelope approach, and a statistical 
gust analysis for a typical mission profile using programs SDL- 
4 and SDL-5. Fatigue sizing of the aircraft also requires a 
mission profile gust analysis which generally has a lighter 
payload than in the design envelope analysis. The mission 
profile IS an average payload and fuel distribution that would 
be experienced during an average mission that the airplane is 
designed for. The design envelope and discrete gust approach 
uses extreme loadings that are possible to obtain the highest 
loads on the airplane. The gust profile considered must be both 
a vertical and a lateral gust considered independent of each 
other. 

The ride qualities should fas evaluated at this time in 
terms of lateral and vertical accelerations along the body. 
Until an absolute criteria is developed, the ride qualities 
would nave to be compared quantitatively with existing aircraft. 

The design ground loads would be caluclated with a dynamic 
math model simulating both a landing impact and a taxi analysis 
(SDL-7) on various measured runways around the world. The ride 
qualities during taxi would also be evaluated at this time. 
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Block IV-43. Structural Analysis for Strength and Fatigue - 
“Goal; To determine the margins-of-saf ety {strength and 
fatigue) of the previously sized detail structural elements for 
the dynamic load conditions of Block IV-42. 

For the detailed structural sizing established in Block IV- 
21 and as updated by Block IV-37 for flutter, stress analyses 
are performed for the dynamic load conditions of IV-42. The 
capability to perform analysis only (without resizing) to obtain 
margins-of-saf ety is inherent in STR-3, STR-4 and STfi-5. 

Analysis, rather than design, is used to obtain the 
computational cost savings available when no negative margins- 
of-safety exist for the dynamic load conditions and the 
flexibility changes, if any, since the last static loads 
calculation are too small to produce a significant change in the 
static loads. It should be noted that the cost of an analysis 
is estimated as one-third, or less, that of a design sizing- 
Further, there should be very few dynamic load conditions 
compared to the number of static load conditions. 

Block IV-4 4. N egative Margins-o f-Saf ety? — Goal : Computer 

decision to determine if the dynamic load conditions are 
critical for any of the previously sized detail structural 
elements. 

Block IV- 45. Airpl a ne Static Loads — Goal; Calculation of 

load distributions on the major airframe components resulting 
from design conditions (static and gust formulae) and a fatigue 
mission profile. 

Wing loads are calculated using a theoretical pressure 
distribution based on a modified Kuchemann lifting surface 
theory (SLO-1) . This data may be modified, by an engineer, to 
include effects not predicted by theory or previous wind tunnel 
information. Load distributions are based on the Weissinger L 
method (SLO-2), yielding spanwise distributions of shear, moment 
and torsion along the load reference axis. These distributions 
include effects of airload, inertia and thrust from wing mounted 
engines. 

Fuselage load distributions are calculated by summing a 
series of idealized inertia panels (SLO-3) . 

Empennage loads are calculated as a function of rigid 
airframe response to control or gust input and tail off 
aerodynamic chracteristics (SLO-3) . 

Flight condition data will be input by a knowledgeable 

user. 
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Any requirements for loads on secondary structure would be 
met by band calculations based on data from a similar past 
conf ig uration. 

Block_IV-46_j_ St ructural Sizing for Strength and Fatig ue — 

Goal: To modify the preliminary detailed sizing of the primary 

structure for strength and fatigue (fail-safe design) for 
critical dynamic load conditions and/or revised static loads 
resulting from structural flexibility changes. 

Osing the structural definition (geometry and sizing) 
established in Block IV-21, with the sizing as updated by Block 
IV-37, the primary structure is resized for strength and fatigue 
for fail-safe design (STE-i, STR-4, STR-5) . Static load 

condition data are obtained from Block IV-45 while the dynamic 
load condition data are obtained from Block lv-42. Sizing 
activities performed parallel those of Block IV-21. 

Block lV-4 7. .Flexibilitv Change Significan t — Goal: A 

computer or man decision on the significance of the change in 
flexibility. 

Loads are calculated for a given flexibility, the resulting 
strength designed structure is sized and a new flexibility 
calculated. If the change in flexibility is such that a 
significant loads change would result the loads/sizing routines 
(Blocks IV-45 and IV-46) are repeated. 

If the change is not significant the resulting structure is 
weighed (Block IV-48). 

B lock IV-48. Update Heights. Balance, and 
Loadability - Typ e B — Goal: To calculate Type B weight, 

balance, and loadability for the configuration which has been 
sized for strength, fatigue, flutter, and dynamic loads. 

To accomplish this involves Technical Program Elements 
which do the following: 

1. Execution of weights update control (WTS-15) which 

would re-execute only those portions of the weights 
technical program elements whose input had changed, 

2. Update of wing primary structure mass elements based 

on stress sized skin/stringer material (WTS-16) , 

3. Update of body/empennage primary structure mass 

elements based on stress sized skin/stringer material 
(WTS-17) , 
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4. apdate o£ wing secondary structure raass elements (HTS- 
18 or HTS-7) , 

5. Update of body/eapennage secondary structure mass 
elements (9TS-19 or 8TS-8) , 

6. Update of fuel mass elements (KTS-11), 

7. accumulation of mass elements wrthin each structural 
panel and the calculation of weight, center of 
gravity, and inertia for each structural panel and for 
the wing, body, and empennage (WTS-12) , 

8. Generation of a weight statement patterned after the 
AN 9102-D format based on the previously updated mass 
elements {WTS-13) , 

9. Calculation of total airplane mass properties for 
various points on the balance diagram and xhe 
determination of updated panel mass properties for 
recycling through the structural analyses (WTS-14) . 

There will be no updating of the flight control system 
weights until the effects of the flight control system changes 
can be reflected in the other airplane systems analyses (Block 
IV-17) . Therefore the flight control system weights will be 
updated in Block IV-18. 

Block IV-49. Pan el Ma s s/Jntertia Change Significant ? — 

Since the loads analyses are sensitive to panel mass properties, 
each time the weights analyses updates the panel's Bra“Ss, center 
of gravity, and/or inertia, the effect of tnese changes on the 
loads analyses should be examined. If the panel mass properties 
changes are significant, the loads and the structural analyses 
should be examined. 

Bl ock IV-bQ. Loadabilitv/OEW Criteri a fiet ? — Goal 1: To 

compare the OEW which is calculated by the weights analysis 

Block IV-48 and the required OEW as sized by the cruise 
performance analysis (Block III-3) and to determine if the 

difference between the OES's are within acceptable limits. If 

the difference is too great, the geometry module (Block 1II-2) 
will be required to resize the configuration. The required 
changes are man controlled in Level IV. 

Goal 2: To compare the available forward and aft center of 

gravity limits as determined by the stability and control 
analysis (Block IV-4) and the required forward and aft center of 
gravity balance and loadability limits as determined by the 
weights analysis (Block IV-48) . If the difference between the 
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required and available center of gravity limits xs too great, 
the geometry module (Block III— 2) will be required to resize the 
empennage. If the OESf eg positron does not result in acceptable 
airplane balance, the geometry module (Block III-2) will be 
required to adjust the position of such items as the wing and 
gear relative to the body. The required changes are man 

controlled in Level IV. 

Block IV-51 . Do Flutter Analysxs ? — Goal: Determine if 

further flutter analysis is required. 

Manual decision is made to determine it further flutter 
analysis should be performed to ensure the proper flutter free 
performance of the newly derived configuration with strength 
design in which dynamic loads and ride quality effects are 
included . 

If the answer to the question is yes, the design flow will 
go back to design network Block IV-28. Otherwise, the 

configuration will be ready for flight control system synthesis 
and analysis (through design network Blocks IV-52 and IV-53) . 

Block IV-52. iaua ti o n s_ o f _M otion - Quasi-Steady Option — 

Goal: Develop the equations of motion to be used for flight 

control system work. 

The equations of motion consist of the rigid body modes and 
about 10 elastic modes. Two basic sets of data are produced, 
namely the longitudinal axis equations and the lateral- 
directional axes equations. Approximately 10 operating points 
are required to cover the flight envelope. Quasi-steady 
aerodynamics are sufficient foi the flight controls problem, 
dstiaates of control surface and actuator dynamics will be 
adequate at this stage in the design process. 

Bio c k _I V-53 . Flight Con t rol System Synthesis an d 

An al vsis "El astic Body Modes — Goal; Re-examine the flight 
control system using elastic body modes and modify the control 
system as needed, 

i’ 

The previous handling qualities control system work (Block 
IV-12) IS performed using simplified rigid body equations of 
motion. Although elastic modes were not used in Block IV-12, 
the static aeroelastic effects were simulated and the gains and 
compensation networks were tempered to anticipate higher 
frequency dynamics. It is anticipated that flight control 
system modifications will be minor. If the flight control 
system criteria is not satisfied due to presence of elastic 
modes, the situation will be examined after the end of the Level 
IV computational activity. The decision will then be whether to 



( 
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press for more control system refinements or to modify the 
airplane or flight envelope. 

Block IV-42 evaluated the ride quality of the airplane. If 
ride improvement is requxred, a ride quality stability 

augmentation system (EQSAS) will be developed at this point. 

Computational activity will be similar to Block lV-12, and 
FCS-1 through FCS-7 may be reguired. As is the case with the 
flutter suppression system synthesis (Block 17-29) , the elastic 
modes will require more manual intervention and more emphasis of 
classical controls techniques (FCS-1 or FCS-2) . The flight 
control system hardware will be resized by use of FCS-12. 

Bl ock IV-54. Do Dynamic Loads Ana l ysis? — Goal: Man 

decision to determine whether any significant changes in weight, 
flexibility, and flight control system synthesis have been made 
to the system from Blocks IV-43 to iV-53 which would affect 
dynamic loads. 

Block. I V-55. (1) M anufacturing Bevie w — Goal: To provide 

Operations with design concepts to the extent that company 
resources can be reviewed and the preliminary Manufacturing Plan 
prepared. 

Operations must initiate program planning in conjunction 
with the product technical definition. Based on itemized work 
statements, the initial make-or-buy and manufacturing plans are 
developed. Concurrently, available in-house resources are 
reviewed for compatibility in time and suitability. 

( 2 ) E s t ^3^sh Flans and Schedules — Goal: To provide 

Operations, Marketing and Finance with initial plans and 
scheduling information. 

Initial planning will include estimates of the engineering 
release schedule, the configuration verification test plan and 
the manufacturing schedule. 

i3J I dentif V Long L ead Items — Critical long lead items 

such as engines, forgings,^ etc., will be identified and 
procurement criteria will be established. 

B loc k 17-56. Summatize Perform ance — The design refinement 

of Level 17 has been completed. The performance will be 
summarized by use of PEF-5, finance and cost considerations fay 
FNC-1, and the market suitability will be predicted by MKT-4, 
-5, -6. The effect of schedules on cost will also be assessed 
oy PKC-2, -3, -4. 
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The marketing analyses will be supported by an evaluation 
of the total system in the operational environment within the 
level of definition available. 

Simulation model HEL-1 and REL-4 will evaluate 
interactions, major influences, controlling parameters, special 
features and characteristics affecting utilization dispatch 
reliability, maintenance and logistics facilities. Costs- 
variables such as fleet size, route structure, scheduled flight 
time, and ground time are used to assess each change in 
configuration or design and to evaluate strengths and weaknesses 
of each airplane in operational environments. 

B lock IV~57 . Hill Engine be Available for P roduct? — G oal: ' 

Determine if the engine availability schedule is compatible with 
the airframe manufacturing and delivery schedule. 

This decision will be manual and will determine if the 
airframe manufacturing and delivery schedule allows sufficient 
lead time for the engine development. 

Block IV-58i Technical Review to Determine Next Acti on — 

Goal: Determine next action ,if the engine availability test 

(iy-57) is negative. 

This management level review will be to decide on further 
action should the current airframe schedule allow insufficient 
lead time for engine development. 

Block IV- 59. Configurat i on Acceptable? — Goal: This is a 

man decision based on a review of all tasks undertaken in Level 
IV. To be acceptable means that no reason is found to hinder 
progress of the design to Level V. 

Block I V-60 . S top Hin d T unnel Model — Goal: In the event 

that the configuration review in Block IV-59 is found to be 
unacceptable then the design of the cruise shape wind tunnel 
model, commenced in Block IV-8, should stop. 

Block IV-61 . S tart Wind Tunne l M odel ? — Goal: This event 

IS a man decision to start the design of the cruise shape wind 
tunnel model if not already in work. The decision is influenced 
by a management review to commit the configuration design cycle 
into Level V. 

Blo ck IV-62. Wi n d Tunnel Model Starte d? — Goal: This event 

IS a man decision to check if the design of the wind tunnel 
cruise shape model identified in Block IV-8 has commenced. 
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B i ock 17-63. Modify Copfiotiration ox Hissxo n — Th e r e are 

two options from a negative result in Block 17-59. The designer 
may elect to retain the design mission and criteria and return 
to the beginning of Level III to resize using different sizing 
rules or the designer may return the design sequence to Level II 
to evaluate the effects of an alternate design mission. 

Bl oc k 17-64. Technical Seview to Determine Next Action — 

Goal; This event is a review of the total airplane design by a 
technical review committee to assist the management decision on 
the next course of action. 


h.2.3.5 level 7 - Configuration Verification 

The goal of Level 7 is to verify candidate configurations 
so that selection among them and the commitment of product go- 
ahead can be made with the minimum risk practicable. These 
verifications will be achieved by tests and analysis. Tests 
will include wind tunnel models, selected system and structural 
concepts and propulsion systems. The design and analysis will 
be done as rigorously as possible, with preliminary detail part 
design wherever needed to develop confidence in the overall 
design. 

Blo ck 7-1. Modify Hin d Tunnel Model ? — Man decision as to 

whether changes in the design of the wind tunnel cruise shape 
model are required. 

Bl ock 7-2. Modify Wind Tunnel Model — Goal : Modification 

to design and construction of the wind tunnel cruise shape 
model. 

In order to achieve early wind tunnel test dates, the model 
drawings and definitions for Level 7 testing are released early 
in Level IV. There will usually be some modification to these 
early model lines as a result of further analysis in Level IV. 
This activity represents the updating of the wind tunnel model 
definitions to represent all of the Level IV results. 

B lock Y - 3. Cruise Wi nd Tunnel Model Configuration 
Desi gn With Lofted Geomet ry — Goal; To design the various 
configurations to be tested for cruise drag and longitudinal 
stability and control characteristics. 

The model will be designed, at a sub-critxcal Mach number, 
using potential flow analysis, with corrections based on 
experience (AHO-1, -2, -3). Model components which will be 
actively designed are wing, body, empennage, nacelles and 
pylons. Options in addition to the nominal shape will be 
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desxgaed for alternate configurations. All of the geooetry will 
be represented as a computerized loft using geometry control 
systea GCS (DGL-2, -3) , which provides data for the components 
to be fabricated by the numerical control processes. 

Bloc k y-4 . Pabricate Wind Tunnel Bodel — Goal: To 

construct the cruise shape wind tunnel model designed in Block 
y-3. 


The fabrrcation of these models will utilize numerical 
control processes to machine the wing, forward and aft body, 
empennage, nacelles and pylons. The control tapes for these 
machines Will be produced from contour information contained in 
the IPAD data bank (DGL-2, -3) . 

B lock V-5. Bind Tunnel T e st — Goal: This test will provide 
a measure of the cruise drag of the airplane and longitudinal 
stability characteristics. 

If confirmation of the drag estimates (and particularly 
wing design) made in Level IV is achieved, then acceptance of 
the aerodynamic performance will be verified. 

The second part of the test provides basic longitudinal 
stability and control information and lateral-directional 
stability data for the cruise configuration. There are no 
lateral or directional controls on the model at this stage. The 
data will be used to confirm or to show the need for changes in 
the airplane configuration. 

This task will be performed using normal wind tunnel 
procedures. Mind tunnel data reduction programs will convert 
the data into acceptable form for inclusion in the IPAD data 
bank. 


B lock V-6. Analyze — Goal: To analyze cruise drag and 
longitudinal stability and control data. 

Cruise performance calculated from data of wind tunnel test 
Block v-5 is compared witn estimated performance used in Level 
IV analysis (Block IV-56) . Changes in configuration design will 
be identified from this comparison. The airplane performance 
will be calculated using measured drag data (PRF-2, -3, -4) . 

Cruise configuration longitudinal stability and control 
characteristics and lateral-directional stability 
characteristics will be compared with estimates made early in 
Level IV. Changes in configuration design will be identified to 
meet handling qualities criteria. 
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The stabxlity and control analyses in this level will 
identify the design constraints and problems foreseen for the 
configuration and make changes where necessary before the major 
design and analysis tasks of Block V-11 are commenced. 

SSC-3, -4, -6, -12, -14, -17 Technical Program Elements 

calculate the basic aerodynamic characteristics using cruise 
configuration wind tunnel data from Block V-5 replacing the 
aerodynamic estimates used previously with these programs. 
Aeroelastic correction factors used originate from Blocks IV-45 
and IV-46. 

Handling qualities estimaxion for the cruise configuration 
will use S&C-18 with a computerized pilot model and SSC-19 wnich 
is a true piloted simulation. The piloted simulation will 
include the flight control system synthesized in Block. IV-12 and 
control surface actuation charactersitics defined in Block IV-9. 
Design conditions for this task are greatly expanded from those 
investigated in Level IV and will cover in addition to normal 
flight conditions over the entire flight envelope, those failure 
conditions that could have magor impact on the design. 

Block V -7 i Configuratio n Acceptable — Go al: Determine 

acceptability of cruise performance, longitudinal stability and 
control, lateral and directional stability. 

This decision is manual and human judgment will be 
exercised to evaluate the acceptability of the configuration. 

Blo ck V-8. T echnical Review to Determine Next Ac^on — 

Goal: Determine degree of unacceptability of configuration from 

Block V-7 and establish whether configuration changes can be 
made to produce an acceptable condition. 

The decision of a technical committee is required. Data 
from analyses of Block V-6 will be reviewed. 

B lock V-9. Develop L evel V Inp uts — The analysis and design 

methods to be used in Level V will be the most powerful 
available in each technical discipline. These will be executed 
as separate gobs, but will coordinate and transfer data between 
jobs through the data base management facilities of tne IPAD 
system. Thus Block V-9 develop inputs occurs many times 

throughout Level V. It is shown here to indicate that each 
execution will collect user inputs, technology data base inputs, 
additions to the data base resulting from test data, and outputs 
from Level IV, and use all of these as sources for information 
for subsequent analysis, design and testing. 
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Block v-10 . Test-s fPevelopmen t) — Goal: To axd the 

configmation verification through testing* 

The follwoxng tests represent a sarople and are reported to 
Show the character of the Level V development tests. In 
general, these tests are conducted as required to verify with 
contxdence the axrplane performance, etc., and the concepts of 
the structure and systems. 

C ont inu ed ^xnd Tunnel LWj^T-J Tests 

1. Low Speed W.T. Modal — Goal: Measurement of drag and 
Ixft characteristics for the low speed confxgurat ion performance 
identxfxed in Level III. 

2. S&C Longitudinal and Dxrectional Low Speed W.T. Test — 
Goal: Measurements of stabilxty and control characteristics to 
compare with the low speed stability and control estxmatos made 
Lor tne axrplane xn Level IV. Hxgh angle of attack data will be 
taken to show satxsfactory stall recovery. Engxne faxlures wxll 
be sxmulated. 

3. Additxonal Cruise Conf xguratxon W.T. Tests — Goal; 
Additxon of Lateral and Directional control surfaces to the 
cruxse conf xguration wxnd tunnel model wxll enable correlatxon 
of cruise lateral and dxrectional control characteristics to be 
made with tne estimates in Level IV. 

h. W.T. Test - "Manufacturing Loft" Wing — Goal: To test 
the aerodynamic difference between the wing defined by 
aerodynamics and the wing considered to be manufacturable. 

Manutacturing considerations invariably require seme 
moditication to the wing lofted by aerodynamics. If these 
changes are sizable, then the performance degradation should be 
established by wind tunnel test. 

5. Loads Wind Tunnel Pressure Models — Goal; To measure 
pressure data for the loads analysis. Two pressure models are 
required as a minimum, namely, high speed and low speed. On the 
nigh speed model pressures would typically be measured on the 
wing, body, horizontal tail, vertical fin and nacelle. Buns 
wouIq be made throughout the Mach number range and alpha range 
(negative stall to positive stall) with beta sweeps at selected 
conditions. Configurations would include clean and spoiler 
(speed brake), roll control, elevator and rudder deflections 
(singly and in combination) . 

On the low speed model additional pressure would be 
required, including high lift devices, gear doois, gear 
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cavities, leading and trailing edge cavities for example. Again 
configurations resulting from various flap and control surface 
deflections would be tested over tbe full alpha range. 

Strain gage measurements taken during total airplane force 
tests to obtain loads on smaller components, nacelles, struts, 
ailerons, stabilizer, etc., could be used prior to pressure data 
becoming available and as a check of integrated pressure data. 

P ropu ls ion T e sts — Godl: Perform required tests to verify 

the propulsion system conriguration. 

Engine rig, wind tunnel, flight and other tests are 
performed to verify the design of the various compontnts of the 
propulsion system (inlet, nozzles and thrust reversers, acoustic 
treatment, etc.). Questions which must be answered include: 
performance of the propulsion system at altitude (may require 
flight testing of new engines) ; flight cycle fatigue; inlet 
distomon; oil flow indication; anti icing; water injection; 
sand ingestion; low and high temperature starting; etc. 

Str uct ural Developmen t Tests — Goal: The goal of the 

structural development tests is to verify theoretical 
requirements and establisn baselines for empirical evaluations 
tor structural components. These tests would be product 

oriented and would not include Besearcfa and Development tests. 
Ail testing required to insure complete tecnnical confidence in 
the configuration must be accomplished at this level. 

Theoretical requirements: This group of problems includes 

testing such as wing panels for comparison between predicted 
allowables and fracture stresses, etc. The main purpose of this 
type of testing is to correlate predictions and test data for 
every conceivable allowable stress, be it; stability, fatigue or 
fail-safe allowables, etc., in order tc prepare for the full 
scale test assemblies to follow. 

Empirical evaluations: The purpose of this testing is to 

establish design guidelines for situations where theoretical 
approaches fail or become unreliable. It covers pcoblem areas 
such as: 

1. bird impact on windshield, 

2- detail -fatigue ratings for design details not 
previously used or tested, 

3. strength of fittings, 

4. hd.ll impact, 

5. crack propagation. 
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The purpose is to establish; miniQum gages, edge margins, 
baselines for fatigue analysis, required area ratios for fail- 
safe design, etc. 


S ystems Tes ts — Goal: To conduct developmental tests 
required to verify that the definition of each system is within 
the current design and production capability. 

This testing is general and must be responsive to areas of 
concern which ace identified during the Design/Analysis function 
of both Levels IV and V. for example: The flight control 
system would require testing if a decision were made to transmit 
control commands completely by an electrical and electronic 
"fly-by-wire" process. 

4 

n l ock V-ll . De sig n/ Ana lysis — Goal: To do the design and 

analysis activities required to support the configuration 
verification process, and to begin the design of long lead time 
Items . 


In Level V this activity is too broad in scope to be 
meaningfully put into a design network. Instead, selected 
technical disciplines have summarized the scope of activities 
they intend to do in this level. The Level, IV network 
activities may be repeated but limited to a portion of the 
airplane in greater ds.tail. 

The design of long lead time items will begin in Level V 
and will be contin'ued into Level VI. Examples include- engine 
and nacelle integration, critical forgings (main landing gear 
shock strut, flap track beams) , and control system mixers and 
electronics. 

A erod yn amics/Perf ormance --All of the analysis capabilities 
of aerodynamics will be used at this level. ARO-1 and -2 will 
be used to design wings for wind tunnel testing. ABO-3 will 
provide exact potential flow results for detailed wing design, 
empennage design, component integration, such as wing— body 
faii^iugs, nacelle pylon-wing geometries, and so forth, to 
support both wind tunnel model design and prototype design. 
ARO-4, -5, -6 will support those calculations that require AIC 
matrices . 

Performance calculations will be required to support 
configuration modifications. PRP-2, -3, -4 and -5 will use test 
data and estimates to make these calculations. 
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Com puterized Space/arrangenieiit MocXup — Goal: To reserve 

locations for items of fixed equipment which have been 
identified during the preliminary design and to evaluate the 
adequacy of raceways for routing system services. 

The airplane interior volume is divided into a matrix. 
Space envelopes are defined which represent the magor 
compartments such as flight crew, passengers, cargo, electronics 
bay, control surfaces, propulsion, fuel tanks, landing gear, 
auxiliary power unit, etc. Also, smaller space envelopes are 
defined which represent fixed equipment such as actuatois, 
pumps, filters, heat exchangers, oxygen cylinders, etc. 
Raceways are defined which provide for routing control cables, 
wiring, ducting, tubing, etc. (DCA-3) . 

D ynami c Loads — All of the dynamic loads analyses performed 
in level IV will be repeated in Level V using the same theories 
and programs but with refined input data as it becomes 
available. 

Input data is refined by employing wind tunnel data, flight 
test data, and ground vibration test data corrections to the 
theoretical data. The quality of the analysis is improved by 
increasing the number of elastic modes and employing residual 
stiffness in the analysis in conjunction with the refined data. 

In addition, many smaller design problems will be solved as 
the need arises. These problems are difficult to predict in 
advance but will be ox the type such as changing nacelle 
flexibility to lower wing-nacolle attachment loads. 

Fligh t C ontrol S vstem Synthesis and Analysis — Goal: Refine 
and expand definition of flight control system. Perform 
response calculations to ascertain compliance with the criteria. 
Complete definition of flight control system mechanization and 
redundancy concepts. Analyze failure modes and effects. 
Perform control surface actuator stability analysis. Evaluate 
candidate hardware. 

The fiignt control system will be updated to reflect data 
changes. The control system developed for Block IV-12 must 
provide acceptable airplane handling qualitites. Analysis of 
tne ride improvement and flutter suppression control systems 
which may have been identified in Blocks IV-42 and IV-29 
respectively will be continued. The autopilot and autoland 
design concepts will be finalized. Computer programs PCS-1 
through FCS-7 will receive use similar to their use in Block. IV- 
12. However, classical control techniques (PCS-1 or FCS-2) will 
be emphasized more heavily to permit a finer tuning of the gains 
and filters. Mechanization, redundancy, and failure studies 
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wxll require nonlinear soiu1:ioiis afforded bj FCS-8, FCS-9, or 
FCS-10. Nonlinearities may also be studied by use of the 
simulation described in S&C-19. 

Equations of motxon used for this event will consist of 
both the rigid body set (FCS-ll) and the elastic mode set (see 
equations of motion network) , 

F light Simulator Evaluation — Goal: Provxde a simulation of 
the airplane xn flight. 

The simulation will model the six degrees of freedom 
Qonlxnear dynamics, pertinent vibration modes, flight control 
system, hydraulic system, propulsxon system, pilot's control, 
and pilot's displays. For piloted operation, the simulatxon 
will be operated at real time. The cab will be fixed based (as 
opposed to moving base) for this desxgn level. 

Nonlinear time responses will be produced for control 
xnputs, gusts, and failures, ft particularly important result of 
the sxmulator study is the pilot rating of the airplane's 
handling qualitites. However, due to the inclusion of many 
technical disexplines in the simulation, the simulator acts as 
an analytical systems integration tool. 

The flight simulator for this level will be an off-line 
device such as the EAI-8400. Software for providing the 
simulation are in existence. However, the computer programs are 
generally tailored for a particular airplane. 

F lutter — Goal: Perform flutter analysis on the 
configurations updated by static wind tunnel model tests. 

Wind tunnel testing of the cruise configuration and low 
speed configuration models may result in changes on wing 
airloads, tail size, and empennage control surface size. 
Flutter analysis using the same procedure and computer programs 
(SFL-1 through SFL-13) in Level IV will be carried out on these 
updated configurations to ascertain compliance with the flutter 
requirements. Important structural detail information on; 1) 
main structure cut-outs, 2) stiffness of major structure 
junctions, 3) mounting stiffness of localized masses, and 4) 
control surface stiffness and the corresponding updated mass 
distribution will be available as input to the flutter analysis, 
Heasured sectional lift curve slopes and aerodynamic center 
locations from the static wind tunnel model test data will be 
incorporated in unsteady airloads predictions. Control surface 
flutter analyses are performed. Failure conditio rs will be 
identified and analyzed to ensure compliance with the flutter 
criteria.. 
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Plans and Schedule s — Goal; To provide Operations, 

Marketing and Fxnance with plans and scheduling intorma tion. 

update the Block IV-55 estimates of the engineering release 
schedule, the configuration verification test plan and the 
manufacturing schedule. Continue identification of critical 
long' lead items such as engines, forgings, etc., and procurement 
criteria . Hake initial estimate of the Level VI product 
development test plans, engineering manpower plan, and 
integrated engineering schedule for time dependent relationships 
between technical tasks. In addition, the Level VII product 
verification test plan is initiated. 

Pro duct Assuranc e : 

1. System Failure Mode Effect Analysis — Goal; The 
objective of the failure mode effect analysis is to reveal 
design inadequacies and to identify where corrective action is 
needed. This analysis focuses attention on potential 
reliability, maintainability and safety problems and serves as 
a starting point for quantitive system reliability and safety 
analyses. 

The analysis determines the effect of failure of identified 
functions and components within the system for each failure 
mode. Means of recognizing the failure and compensatory 
provisions and procedures are identified. Order of probability 
of occurrence of the event is assessed. Output of the analysis 
is a tabulation by function or component of factors associated 
with its failure modes. 


2. System Fault Hazard Analysis — Goal; The objective of 
the fault hazard analysis is to identify all hazards associated 
with operation of the system and their safeguards. 

A fault hazard analysis is a tabulation of the hazards 
identified with operations of the system through each phase of 
operation. Function, component, or operator failures causing 
the hazard are identified. Order of probability for each 
combination of hazard producing events is assessed. 
Compensatory provisions and procedures are identified. 

3. System Design Reliabiiity/Saf et y Analyses — Goal: 
Assessment of system design configuration against the 
reliability and safety requirements and allocations. 

iault tree simulaxion (REL-5) , computerized Boolean 
reliability analysis (HEL-3) automaxic reliability mathematical 
modeling (REL-2) , and CTS (EEL-14 and 41) are used for studies 
at this level. Program selection is dependent on problem and 
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syste^m complexity and comparative tactor selected for 
evaluation . 


4. Flight Control System Reliability/Safety Analysis — 
Goal: To assess the overall system from the standpoint of 
reliability and Safety- 

Flight safety and reliability in all flight phases and 
design conditions are studied. Fault tree (REl-5) analysis is 
used for overall airplane flight safety assessment of the 
control system. 

Reliability studies within the flight control subsystems 
are performed with the COiiRA (REL-3) , the AEMb (EEL-2) and CIS 
(REL-14 and 41) Programs. 

5. Kdjor Component Specification Control Drawing 
Heliaoility, Maintainability, safety Requirements — Goal: To 
assure reliability, Diaintainabiiity, and safety requirements for 
functions and components are realized in the actual hardware. 

Eelianility , maintainability and safety lequiiements and 
allocations, established in Level IV and used in all assessment 
analyses, are defined in the specification control drawings tor 
dll hardware. Contribution to overall system unreliability of 
major items is assessed as these component detail designs are 
developed. Manual calculations, CTS (REL-14 and 41) and COBRA 
(REL-3) are primarily used for these component assessments. 

6. System Design Maintainability Analyses — Goal: 
Assessment of system design configuration against the 
maintainability ceg.uirements and allocations. 

This assessment is manual. It supports tnc Reliability and 
safety analyses of Block V-ll. Accessibility will be studied 
and optimized througJi use of the computerized space arrangement 
raockup. 


7. Airplane System Reliability and Maintainability 
Svaluation--Goal: An evalua-tion of the total syst.era m the 
operational environment to the level of definition available. 

Simulation model (REL-1 or REL-4) will evaluate 
interactions, major inrluencos, controlling parameters, special 
features and characteristics affecting utilization, dispatch 
reliability, maintenance and logistics facilities and costs. 

Variables such as fleet size, route structure, schedules, 
■-light time, and ground time are altered to assess each change 
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in design and to evaluate strengths and weaknesses of each 
airplane xn operational environments. 

8. Engine Change Capabxlity — Goal: To determine 
capability of engine change within a time interval compatible 
with planned utilization. 

ill engine installations are assessed with regard to access 
for both handling eguipment and personnel. Disposition of 
cowling, associated and intervening airplane structure, engine 
buildup (EBU) reguirements and compatibility with existing GSS 
are considered. 


Pro ducibil^ty Review — Goal: To assure that the design 

decisions are commensurate with cost effective fabrication and 
assembly practices. 

Producibility is a prime consideration during the design 
solution phase. Affirmation by Operations personnel is 
essential before drawings are released. This activity is 
initiated as soon as the design solution is selected. 

The Computer Aided Design support group verifies that the 
aerodynamic wing which is defined in the Geometry Control System 
(DGL-2) can be redefined in the Master Dimensions System (DGL-4) 
within the specified tolerance. 

P ropuls ion — Goal: Perform detailed design and analysis of 
the propulsion system. 

A detailed design and analysis will be performed on all 
major components of the propulsion system to verify the 
propulsion system configuration. The network Block iv-15a 
activities are continued and will include furrher definition of 
the nacelle mounting structure, systems interface, inlet and 
nozzle integration with acoustic materials and thrust reverser, 
mechanical function integration, etc. 

S tabil ity and Contr ol — Goal: To update the stability and 
control low speed analysis and cruise configuration lateral and 
directional control effectiveness. 

The items that are examined include low speed, stability and 
control characteristics based on wind tunnel data that meet 
criteria and the estimates made for the airplane in Level IV, 
satisfactory control characteristics at high angles of atrack, 
and lateral and directional control effectiveness for the cruise 
configuration that meet the estimates made in Level IV. Also, 
the cruise configuration longitudinal stability and control, the 
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control ot engine failures, and flight simulation of critical 
conditions are reviewed. 

Stability and control analyses following the low speed wind 
tunnel tests and cruise configuration wind tunnel tests 
undertaken in Block. V-IO are similar to Block V-6 which analyzed 
cruise configuration conditions only. A basic aerodynamic 
understanding of the configuration exists supported by wind 
tunnel data for Blocks V-5 and V-10. Aeroelastic data from 
Blocks IV-45 and IV-46 are used, with the rigid aerodynamics 
data, to enable a range of condirions over the entire flight 
envelope to be studied on the flight simulator for constraints 
and problem areas such as engine failure. These must be 
identified and incorporated in the design before project go- 
ahead in Level VI is commenced. SSC-3, -4, -6, -12, -14, -17 
Technical Program Elements enable the basic aerodynamic 
characteristics to be calculated. Handling gualities estimation 
will use S&C-19 which is a true piloted simulation. The piloted 
simulation will consider the current flight control system. 
Pilot's flight displays and controllers will be representative 
o± those planned for the airplane. The simulator tests will 
also review the applicability of design criteria related to 
flying qualities, and develop improvements where required. 

S tati c Loads - -Gene rat ion of static loads in Level V uses 

the same theories as in rhe lower levels. However, the quality 
of the input is refined (e.g., theoretical aerodynamics is 
replaced by wind tunnel data then flight test data) . The 
coverage of the airframe is extended to the entire structure, 
rather than only the primary structure. Loads produced are such 
that aetailed design may be completed and the requirements of 
the appropriate certif ication authority (e-g-, lAA, CAA) are met 
together with any special Boeing requirements. 

Loads on secondary structure (high lift devices, control 
surfaces, fairings, doors, etc.) are calculated by hand (the 
methods aie not presently amenable to computerization) using 
data from a similar past configuration, past experience or wind 
tunnel data for the * actual configuration. The format of the 
loads may be anywhere between a simple hinge moment to a full 
pressure contour map. 

In adaition, many studies are performed, such as definition 
of fuel transfer weights, and definition of penalties resulting 
from non-standard flight configurations such as spare engine 
carriage. 

The network shown in figure 4.5 represents typical data 
paths through a subsonic static loads analysis (e.g., figure 
4.2, Block lV-26}. It should not be assumed that a module shown 
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is executed only once per pass, is executed on every pass, or 
the order of execution is fixed. 

A majority of the load paths can be broken into three 
steps; 1) reduction of wind tunnel data, 2) calculation of the 
load distribution and 3) selection of critical conditions. The 
modules currently used to perform these tasks are described in 
SLO-5 through -41. It should not be implied that modules will 
be structured in this manner at the time of IPAb implementation. 

Condition data is always input by a knowledgeable user. 
The number of variables make automatic selection impracticable 
at this time. 

Str uct ur al D esi gn — Goal; Provide optimum feasible design 

solutions for all major structural components (wing, body, 
empennage, nacelles and landing gear) , and integrate these 
components together will all other airplane sytems. 

The design of each component and the major structural 
joints which attach it to the rest of the airframe will be 
defined in detail sufficient to preclude the possibility of 
serious deficiencies later in the program. The depth of detail 
studied will be commensurate with the complexity of the proposed 
solutions and will compensate, along with appropriate structural 
development tests (Block V-10) , for any lack of service 
experience with innovative designs. Studies will include any 
minor trades required to optimize the structure. 

A typical specimen of each structural element having 
multiple usage will be designed as well as each individual 
unique element. Section oreaks, joints and splxces, fasteners, 
tolerances, finishes, material gauges and trim, attachments, and 
protective coatings will all he investigated in detail. 
Manufacturing methods for fabrication, assembly and installation 
of each structural element and airplane component will be 
considered in terms of prodncibility , cost, weight and 
durability. Provisions for equipment ana systems will be 
incorporated into the primary structure to minimize the effects 
of space requixc:ments and support hardware. All load conditions 
and design criteria, as well as safety and certification 
requirements will be accommodated in the design at this level. 

Special Structural Design Considerations: 

1. Body: Control cab windows, access doors and cutouts, 
pressure shell iiitevgrity and fail safety, structural continuity 
and compatibility with the wing and empennage. 
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2. Wing: Structural continuity and fail safety, fuel 
containment, control surface installation and systems equipment, 
and integration with the body and landing gear. 

3. Empennage: Structural continuity and fail safety, 
control surface installation and systems equipment and 
integration with the body. 

4. Nacelles: Structural integrity, service access 
segments and integration with rhe engine and propulsion system. 

5. Wing-Body Joint: The complexity of this joint with its 
requirements for continuxty of load paths and compatibility of 
deflection and strain necessitates analytical modeling. Great 
care and attention to detail in this aiea at Level V is 
mandatory. other considerations of major importance are 
faorication, assembly and production sequencing of the airframe. 
Fuel coutainment has significant influence on these decisions. 

6. Structures-System Interface: The systems-structure 
interface would be defined in a computer mockup. This would not 
replace the full scale mockups required in Level VI but it would 
permit all systems runs and equipment envelopes to be readily 
defined early in the design process so that structural designers 
can provide access and support as required with a minimum of 
confusion. This mockup would be generated early, in Blocks III- 
2 and 111-12, and input refined in Block IV-17 ana on through 
Blocks V-11 and VI-3 to be retained in the data bank throughout 
the program. 

The tasks required for this level are only briefly 
discussed above. Most of the structural design effort should be 
accomplished at this stage. The primary tool will be the 
interactive design program DSA-5, which will be used in 
conjunction with the appropriate design analysis program and the 
graphics program ADEL (DGL-7) . Examples of design analysis 
programs for major structural elements are the Body Frame Design 
Program (DSA-6) ana the Floor Beam Design Program {DSA-7) . 

Data input will be from DGL-2 and -3, GCS lofting, DS&-1, 
-2, -3 and -4, Structural Arrangement def initions, and STfi-3, -4 
and -5 Structural Sizing for strength, fatigue and fail safety. 

Detail sizes of the structural element (beam chords, shear 
webs, etc.) would be optimized during an initial run of the 
design analysis program. The design engineer would modify the 
detail sizes to suit localized constraints and design factors 
for a typical element. Comments concerning tnese modiiications 
to the optimized design would be stored in the data bank by the 
designer. Those comments would be used by the staff personnel 
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to understand the final design and by designers to xncorporate 
design innovations in new aircraft models. A final run of the 
design program would optimize the design of the structural 
element using data bank criteria and these last design 
constraints made by the engineers. 

The output of this task will be a complete definition of 
all structural elements and components necessary for the project 
design to begin Level VI. All data and backup information will 
be stored in the data bank for interactive design purposes. 

S tructural Sizing and Stress Analysi s — Goal: To provide 

support for the Level V structural design {DSA-5, -6, -7, etc.) 
It includes derail stress analysis and sizing of all 
representative structural details, it also covers integration of 
ma^or structural components (e.g., solution of the wing body 
joint) . 

The sizing and analysis in this level will provide the 
first basis for detail designs such as: joints, fittings, 

stringer configurations, body frames, bulkheads, spars, control 
surfaces, ribs, attachments tor landing gears, nacelles, control 
surfaces, etc. The analysis will cover static strength, 
fatigue, fracture mechanics, fail safe, and local optimization 
will take place. The optimization will be directed toward items 
such as: stringer configuration and spacing, rib spacing, frame 
spacing, joint configurations and principles {SIB-1 to -5). The 
impact of new gages and flexibilities will be established by 
load recycling. 

The analysis will also include areas influenced by 
component integration such as, the wing body joint, where the 
influence on load distribution due to component interaction will 
ne established using finite element analysis (STIi-7 to -13).. 

System Design — Goal: To continue definition of systems 

until dll design requirements have been identified and until all 
equipment items are identified as either existing or can be 
developed. 

All systems design activities are similar in Level V and 
consist primarily of the following: 

1. Detail installation layouts for equipment items are 
drawn using computer aided drafting practices (DGL-7, 
-8 and -9) ; the interface witn structure for mounting 
provisions is entered in the structure data base, and 
a space definition of the component is entered in the 
computer mockup (DCA-3) , 
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2. System schematic diagrams developed in Block IV-17 are 
updated, 

3. Initial schematic diagrams of the electrical circuits 
for each system are developed and planning for 
integration with the wire release system (STI?-*21) is 
initiated, 

4. Selection of existing "off-the-shelf” equipment is 
completed and preliminary procurement specifications 
for new equipment items are initiated. 

5. The testing required to verify system performance is 
initiated, 

6. Maintenance plans for each system are initiated and 
reliability goals are established. 

Other system activities will occur at Level V, for example; 
a steering and ground handling simulation (STM-19) will be 
conducted to develop additional design criteria for the landing 
gear. Hydraulic system dynamic, sizing and thermal analyses are 
conducted (STM-5, -6, -7). Brake sizing and landing gear 

flotation analyses will be updated (STM- 16, -17) . Trade studies 
will be conducted such as alterants APU locations (STH-9) . 

Weights (T ype D) — Goal; To calculate Type D weight, 

balance, and loadability for a configuration which has been 
sized for strength, fatigue, flutter, and dynamic loads- 

To accomplish this involves Technical Program Elements 
which do the following: 

1. Execution of weights update control (HTS-15) which 
would re-execute only those portions of the weights 
Technical Program Elements whose input had changed, 

2. Update wing, body, and empennage mass elements based 
on stress sized skin/stringer material refined by 
local applications of finite element structural 
analysis (WTS-21) , 

3. Update of wing secondary structure mass elements (WTS- 
18) , 

4. Update of body/empennage secondary structure mass 
elements (HTS-19) , 

5. Update of landing gear mass elements (WTS-9) , 
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6. Update of nacelle and strut, propulsion, fixed 
equipment, and standard and operational mass elements 
which will require development of a new Technical 
Program Element, SlS-23, to accommodate a greater 
level of detail, especially in the systems areas, than 
IS available by using Technical Program Element WTS- 
10 , 

7. Update of fuel mass elements (WTS-11) , 

8. accumulation of mass elements within each structural 

panel and the calculation of weight, center of 

gravity, and inertia for each structural panel and for 
the Wing, body, and empennage (WTS-12) , 

9. Generation of a weight statement patterned after the 

AN 9102-D format based on the previously updatea mass 
elements (^TS-13) , 

10. Calculation of total airplane mass properties for 

various points on the balance diagram and the 

dexermination of updated panel mass properties for 
recycling through the structural analyses (WTS-14) , 

Bloc k 7-12. Estima te Prog ca m Co st s — Goal: To provide 

program management with initial program cost estimates. 

Initial program cost estimates will include several 
production quantities. Estimates of hours and dollars are 
provided and detail cost elements by section and components of 
the airplane are summarized (FHC-2) . An assessment of the 
production cost over a time period accounting for changes in the 
manufacturing schedule for introduction cf new customer 
configurations and the impact of derivatives from the base model 
is made (FNC-3) . An estimate of return on investment and cash 
flow by year is made (FNC-h) . 

Bl ock 7 -12. Manuf a ctu ring Eeview — Goal: To provide 

Operations with advanced design data to complete the company 
resources review and to prepare the Manufacturing Plan. 

Operations must continue the program planning activities 
started in Block 17-55. Based on itemized work statements, the 
Make-or-Buy and Manuf acturing Plans are developed. The sstiipate 
of available in-house resources is finalized- 

B lock 7 -13. Sum marize and R eview — Goal: Summary of all 

design and analysis tasks, test results, etc. 
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Review tie design with associated program costs, Barketing, 
product assurance and manufacturing reguirements (Block V-12). 
Identify if design and analysis tasks in Block V-11 are 
coordinated wit-h the same technology level. Identxfy neea for 
further tests in Block V-10. 


Blo ck V-14 . Recy c le? — Goal: Man decision to recycle, or 
not, the tasks of Blocks V-10 through V~12 (tests, 
design/analysis, program costs) resulting from the summary and 
review undertaken in Block V-13. 


B lock V-15 . Configuration Acceptable — Goal: Man decision 

to review infegrity of the technical design for a management 
recommendation for product go-ahead. 


Bl ock 7-16 . Tech nical Revi ew — Goal: Eeview by technical 

committee on the action to be taken following unacceptable 
results for configuration (Block V-15), sales (Block V-IB) , firm 
orders (Block V-19) and product gc-ahead (Block V-21) - 


B lock V -17. M anaaement Revi ew — A technical review is 

presented to management, Pased on engineering report in Blocks 
V-13 and V-15. 


The Program Management Office (PMO) and Manufacturing 
participate in the Management Review and receive design 
information which will support preliminary decisions. PMO must 
have assurance that the design intent meets the customer 
requirements. Manufacturing begins selection of sub-contractors 
for long-lead ‘‘Buy" items. 

Block V-18 . Sale s G o-Ahead — This is a major program 

milestone. Management authorization is granted to proceed with 
d sales effort. 


B lock V-19 . Fir m O r der s — This is a major program milestone 
and supports a decision to recommend a product go-ahead to 
management . 

B lock V-20. Manacement Re view — Goal; Review by management 
of all sales activities which includes the market analysis, 
airline interest, firm orders, program costs, etc. 

Block V-21 . P ro d uct Go-Ahead — This is a magor program 

milestone. Management authorizes go-ahead with product design, 
manufacture, verification and support. 
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4.2. 3.6 Level VI - Product Detail Design 


OEIGINAL 
OP POOR QUALini 


Level VI will begin when the decision has been made to 
commit the design to project status. This Level will be 
dominant in the group of IPAD Levels denoted as the Product 
Levels {detail design, manufacture, verification and support 
while in service) . The activities of Level VI will require 
careful mahagement control. The design, analysis and testing 
will be discussed by certain areas. 

Establi sh P relimin a ry Design/Product Inter f ac e — 

Goal: To provide Program Hauagement, the Engineering Design 

Project, Engineering Technology Staff Organizations, Finance, 
Marketing and Manufacturing operations with a consistent data 
base definition of the preliminary design configuration. 

Many preliminary design to product interface activities 
occur. The plans and scnedules required for program management 
are finalized, i.e., the program plan, the engineering cost ana 
schedule plan, the design development and verification test 
plans, customer support plan, etc. The data base detail 
configuration definitions are improved, for example: 

The configuration definition is finalized to include a 
complete manufacturing-oriented master dimension definition of 
rhe lofts {DGL-4) . The weight accountanility (Type D weights) 
is revised as required for Engineering, Finance and 
Manufacturing (aTS-22) . The weights accountability has been 
structured as follows; 

1. To provide a meaningful definition of the pioduct in 
terms of weight data and descriptions, 

2. To provide a meaningful weight history for evaluation 
of the final product design, 

3. To proviac the flexibility to handle a variety of 
design projects, 

4. To provide a system which can interface with the 
pieviously executed weights analyses programs, 

5. To provide a system which is efficient in terms of; 

a. Data and input, editing, and verification 

b. Internal data storage and manipulation 

c. Output data report generation. 
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ORIGINAL PAGE IS 
OP POOR QUALITY 


B lock ?i-2. Tests ( Development) — Goal: To perform the 

tests necessary to do the detail design of the product. This 
does not include final verxfication testing. 

The following tests are a continuation of the testing 
conducted for Block V~10 and again are only a sample of the 
required testing. 

P ropulsion --Goal : Perform necessary tests to support 
detailed design of the propulsion system. 

Tests performed will provide data to support detailed 
design of the propulsion system and will include tests such as 
inlet distortion, noise suppression, etc. 

S tructural Test s--Goal: This testing is directed toward 
subassemblies and its prime purpose is to correlate between 
analytical and factual stress distributions. 

This testing concerns itself mainly with structural 
details, such as wing body joints, cutouts (body doors, wing 
access holes) , areas of load redistribution (landing gear beam 
attachments, control surface attachments, nacelle attachments, 
empennage local concentration areas, bulkheads, etc.). 

It constitutes a verification of the structural details for 
which past experience is insufficient and provides data for 
updating the structural sizing. 

Systems Tests — Goal: To conduct development tests required 
to verify that performance of each system is as predicted or is 
an acceptable deviation. 

The following are two examples of flight control system 
testing. 

1. Control System Development Fixture (Iron Bird) — Goal: 
Design and fabricate the tost hardware and perform the control 
system tests. 

The control system development fixture consists of flight 
quality control system hardware attached to a boiler plate 
simulation of the airplane. Geometry and local structural 
stiffness are simulated. The fixture permits a complete 
functional checkout of the control system. Also, control 
surface and actuator response tests may be performed. Control 
system analysis programs (FCS-1 or FCS-2) and digital 
simulations (FCS-8, FCS-9, FCS-10, or SSC-19) will be required 
to interpret the test results and assist with the conduction of 
the tests. 
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2. Control System Response Tests — Goal: Measure control 
surface and sensor responses* 

The flight control system design is dependent upon the 
transfer functions of the flight control components integrated 
into the airplane. These tests will be performed upon a flight 
article, probably the same arrplane which is used for the ground 
vibration testing. The test procedure will be to run frequency 
responses of the control surfaces. Measurements will be taken 
of the control surface motion, flight control sensor outputs, 
feedback signal to the control surfaces, and various test 
pickups mounted on the airplane structure- A variation of this 
test will be to increase the feedback gain until an oscillatory 
condition is realized. In either case, a mathematical model of 
the airplane in the test configuration will be required. The 
mathematical model will be adjusted and corrected to force 
agreement with the test results. These adjustments and 
corrections will then be extended to the mathematical models of 
the airplane in the flight configurations. 

W ind Tu nnel Tests — Goal: To provide configuration testing 
to improve aerodynamic description of the airplane, to improve 
areas of low lift, high drag, interference, etc., to support the 
aerodynamic cleanup program, and to do final testing to supply 
aerodynamic data to support performance guarantees. 

Other goals are stability and control tests to solve 
problems and uncertainties arising from analysis of Level V wind 
tunnel tests, control suriace hinge moment testing to establish 
flight control actuator sizes with more accuracy, extensive 
control surface effectiveness testing , including interference 
effects, tor detailed control system design, detailed pressure 
model testing for loads evaluation, and wind tunnel flutter 
model testing to confirm and complement analytical flutter 
predictions of Levels 7 and VI and to verify the control system 
stability margins it a flutter suppression system is employed. 

Analytical flutter predictions made in Levels V and VI are 
verified and complemented with extensive wind tunnel testing to 
provide substantiating information particulaily in the areas 
where structural and aerodynamic uncertainties exist. 
Dynamically scaled flutter models of the airplane and its 
components are tested in low speed and transonic wind tunnels. 

In the low speed tests, the flutter characteristics and 
critical flutter speeds of the primary surfaces of the airplane 
and the sensitivity of flutter to various design parameters will 
be determined. In the transonic tests, the Mach effects 
(especially the high subsonic region) on the overall airplane 
flutter and the buzz characteristics of tne control surfaces 
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Kill be datermined. If a flutter suppression system is 
required, xhe flutter model test shall verify the control system 
stability margins. The test wxll compare experimental gain 
margin, phase margin, and gain peaking with theoretical results. 
The control systems analysis program of PCS-1 will be used to 
predict the stability margins of the model. Finally, system 
tailoring tests such as APD and air conditioning inlets, pitot 
static provisions, etc., will be done. 

B lock YI--3. Desiqn/Analysi s — Goal; To perform the design 
and analysis tasks necessary for the detailed design of all the 
parts. 

The activities of the different technical disciplines will 
be summarized. In addition to the items discussed below, 
interactive graphics will be extensively used for detailed parts 
design. The lofting Technical Program Elements will be coupled 
with the various design and analysis Technical Program Elements 
to support this design. 

Aerodynamics/Performance — All of the design and analysis 
elements available within aerodynamics will be used at this 
Level. AHO-1 to -6 and -17 will be used for detailed wing, 
body, empennage, nacelle and pylon design and analysis for both 
wind tunnel models and the production configurations. 

Aut omated Parts Release f APB^ — Goal; To control the 

listing and release of parts information to Manufacturing. 

The Automated Parts Release System is a related set of 
computer programs which produce new and revised part cards and 
assembly lists from data supplied by the Engineering and 
Manufacturing Departments. The part and assembly information is 
maintained on two separate master files, one containing 
engineering or configuration data and the other containing 
manufacturing or production data. Each of the two master files 
is updated by a separate computer program using a distinct set 
of input transactions, one primarily from engineering sources, 
the other entirely from manufacturing sources. Information from 
the two master files is collated by a report generator system to 
produce printed part cards and assembly lists and also to 
provide a record containing transactions for direct input to the 
Manufacturing Department’s program. 

A change in the usage of an assembly implies a 
corresponding change in component parts of the assembly. The 
APR System is design to effect these implied changes 
automatically. To accomplish all implied changes in one pass 
through the master file, it is required that every component of 
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every assembly be located in the file beyond the assemblies of 
which it is a component. 

The concept of level (not the IPAD Levels) is used to make 
this ordering of parts possible. The master or top drawing for 
the airplane model is at level 1. All drawings that reference 
the top drawing as their ’’used-on-drawing" are at level 2. 

This relationship between a part (detail, assembly, 
installation, drawing) and its used-on part continues down to 
detail parts. The lower the level the greater the magnitude of 
the level number. 

When a part is used on more than one assembly, and if these 
assemblies are at different levels, the part is assigned a level 
one greater than the used-on assembly with the largest level 
number. About 15 levels are required for an airplane master 
file. The level numbers are assigned by the computer program, 
and do not appear on any input transactions. The engineering 
master file is arranged in level number order, and within each 
level in part number order. The master record for each part on 
the engineering file indicates all usages of the part, both 
active and cancelled, and all components of the part, unless it 
IS a detail part. 

The level concept does not apply to the manufacturing file. 
It is arranged completely in part number order. There are 
entries in this file for each active part, and for each active 
usage of the part for which distinct manufacturing information 
is supplied. 


D ynamic Loads — All of the dynamic loads analyses performed 

xn Levels IV and V will be repeated in Levels VI using the same 
theories and programs but with refined input data as it becomes 
available. 

Input data is refined by employing wind tunnel data, flight 
test data, and ground vibration test data corrections to the 
theoretical data. The quality of the analysis is improved by 
increasing tne number of elastic modes and employing residual 
stiffness in the analysis in conjunction with the refined data. 

In addition, many smaller design problems will be solved as 
the need arises. These problems are difficult to predict in 
advance but will ce of the type such as changing nacelle 
flexibility to lower wing-nacelle attachment loads. 

Fl ight Co ntro l Sy stem Synthesis and Analysis — Goal : To 

complete definition of the flight control system. 
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The work of Level V will be coistinued. However, the detail 
will be sufficient for final drawing release. The computational 
activity will be similar to Slock V-li, the computer programs of 
FCS-1 through FCS-11 and S&C-19 will be used. Specializations 
of the foregoing list of programs may be required. These 
changes may be temporary {one shot) or may result in the 
definition of a new computer program which is valid for only one 
airplane. Also, additional computer programs are required to 
solve specific problems which are pertinent to the particular 
airplane project. 

Fli ght Si m ula tor — Goal; Provide a simulation of the 

airplane in flight. 

The fixed base simulation will be similar to the work 
performed in Block V-11. However, as time progresses, more 
detail is introduced- 

The effects motion produces upon the pilot will be measured 
by use of a moving base simulator. That simulation will be 
performed in a different facility than the fixed base 
simulation- Discrete gusts, wind shears, random turbulence, 
failures, and pilot input provide the excitation to drive the 
cab. The primary result of the simulator study is the pilot 
rating changes produced by motion. 

Flut ter — Goal; Perform flutter analysis to support detail 
design. 

The flutter work of level V will be continued. However, 
the detail will be sufficient for final drawing release. The 
computational activity and computer programs used will be the 
same as Level V, Additional computer programs may be required 
to solve specific problems which are pertinent to the particular 
airplane project. If uncertainties of theore+.ical predictions 
exist, they will be resolved experimentally. 

P lans a nd Schedules — Goal: To provide Program Hanagement, 
Operations, Marketing, and Finance with plans and scheduling 
information. 

The Block V-10 Gstimates of the engineering release 
schedule and manpower plan, the product developmeiit/verif icatron 
test plans and tne manufacturing schedule are updated, 
Identrfication of crxtical schedule items such as forgings, 
mockups, etc., is continued. 

An integrated engineering schedule is initiated to identify 
and define the schedule relationships between the technreal 
tasks to be performed by tho various design project groups and 
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the technology staff groups during the final design process in 
Level VI. The purpose is to assure schedule integration between 
these tasks which are highly interdependent in terms of 
technical data availability and timely performance of design and 
technical tasks relative to data. The integrated engineering 
schedule (s) sets forth the magor milestones which represent the 
following schedule dependencies: 

1. Design project group schedule requirements for key 

interface design data from another design project 
group upon whicn their effort is dependent, 

2. Design project group schedule requirements for key 

technical data from a technology staff discipline 
group upon which their design effort is dependent, 

3. Technology staff discipline group schedule 

requirements for key design data from a design project 
group upon which their technical tasks are dependent, 

4. Technology staff discipline group schedule 

requirements for key technical data from another 
technology staff discipline group upon which their 
technical tasks are dependent. 

Product Assurance: 


1. Airplane System Detail Design fieliability Safety 
Analyses — Goal: To incorporate additional design detail into the 
Level V reliability and safety analyses and to revise and update 
Level V system simulation models with new data from Level VI 
design effort. Fault tree simulations (HEl-5) , ARMM (EEL-2) , 
COBRA (REL-3) and CTS (REL-14 and 41) models will be updated as 
required to assess impact of Level VI additional design detail. 
Re-allocations as required will be identified. 

2. System Design Haintainabilit y Analyses — Goal: 
Assessment of system design configuration against the 
maintainability requirements and allocations. 

This assessment is manual. It supports the Reliability and 
Safety analyses of Vl-3. Accessibility will be studied and 
optimized tnrough use of the computerized space arrangement 
mockup . 


3. Component Specification Control Drawing Reliability, 
,'ldintainability , Safety Roquirements--Goal : to assure that 
reliability, maintainability, and safety requirements for 
functions and components are realized in the actual hardware. 


118 



Reliabilxty, maintainability, and safety reguireiBents and 
allocations, established in Level IV and used in all assessment 
analyses, are defined in the specification control drawings for 
all hardware. Contribution to overall system unreliability of 
components is assessed as these component detail designs are 
developed. Manual calculations, CTS (REL-14 and -41) and COBRA 
(REL-3) are primarily used for these component assessments. 

4. Airplane system Reliability and Maintainability 
Evaluation — Goal; An evaluation of the total system in the 
operational environment. 

Simulation model (BEL-1 or REL-4) will evaluate 
interactions, major influences, controlling parameters, special 
features and characteristics affecting utilization, dispatch 
reliability, maintenance and logistics facilities and costs. 

Variables such as fleet size, route structure, schedules, 
flight time, and ground time are altered to assess each change 
in design and to evaluate strengths and weaknesses of each 
airplane in the operational environment. 

P ropulsio n — Goal: To complete final design and development 
of the propulsion system. 

The Level V activities are continued to complete design and 
integration of the nacelles and mounting structures. The 
techniques and activities described in the following sections of 
’•Structural Design” and "Systems Design” are applicable to the 
propulsion system. 


Stability and Contr ol — Goal: To complete all airplane 

stability and control analysis, control interference effects, 
thrust reverser effects and unusual cojsfiguratioc effects, to 
analyze all wind tunnel testing, to size actuators from control 
surface wind tunnel tests in Block VI-2, to do detailed control 
surface effectiveness analyses to assist control system design, 
to do flight simulation of all design conditions including 
failures, turbulence and gust effects. 

This Level is the product detail design phase where 
analyses are aimed at achieving a total practical airplane 
control system and SAS design in conjunction with as complete as 
possible understanding or the basic flying qualitites of the 
configuration. Wind tunnnel tests in Block VI-2 will not only 
update previous wind tunnel data of Level V but will provide an 
extensive range of aerodynamic data for all possible control 
surface applications, high lift application, speed braices, 
landing gear, thrust reversals, etc. Aerodynamic 
characteristics will be calculated from wind tunnel data in 
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Program Elements S6C— 3, —4, -6, -12, ~1^ r -17. Aeroelastic 
corrections will originate from structural load analyses 
undertaken in Block V-11. Control surface actuators will be 
resized using rigid hinge moment data from wind tunnel tests 
Slock VI-2 and with aeroelastic corrections obtained from 
structural load analyses in Block V-11. Actuator rate 
requirements will be specified from the flight simulator tests 
undertaken in Block V-11, and further simulator testing in this 
Level VI. Piloted simulation will be extensive and will 
incorporate the current flight control system. Pilot displays 
and controllers will be representative of the airplane. An 
assessment of flight control system effects, gearings, rates, 
etc., on handling qualities will be made in conjunction with the 
assessment of failure modes (mechanical, hydraulic, engine 
thrust, etc.). Models to simulate discrete gusts and turbulence 
will be incorporated in the flight simulation, 

S ta ti c Loads — Generation of static loads in Level VI uses 

the same theories as in the lower levels. However, the quality 
of the input is refined (e.g., theoretical aerodynamics is 
replaced by wind tunnel data then flight test data) . The 
coverage of the airframe is extended to the entire structure, 
rather than only the primary structure. Loads produced are such 
that detailed design may he completed and the requirements of 
the appropriate certification authority (e.g,, FAA, CAA) are met 
together with any special Boeing requirements. 

Loads on secondary structure (high lift devices, control 
surfaces, fairings, doors, etc.) are calculated by hand (the 
methods are not presently amenable to computerization) using 
data from a similar past configuration, past experience or wind 
tunnel data for the actual configuration. The format of the 
loads may be anywhere between a simple hinge moment to a full 
pressure contour map. 

In addition, many studies are performeu within the Loads 
Organization (e.g., definition of fuel transfer weights, 
definition of penalties resulting from non-standard flight 
conf igurations such as spare engine carriage) , the output of 
which may not be passed to other technologies. 

The network shown in figure 4.5 (page 105) represents 
typical data paths through a subsonic static loads analysis. It 
should not be assumed that a module shown is executed only once 
per pass, is executed on every pass oc that the order of 
execution is fixed. 

A majority of the load paths can be broken into three 
steps; 1) reduction of wind tunnel data, 2) calculation of the 
load . distribution and 3) selection of critical conditions to be 
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passed to tke Stress Organization. The modules currently used 
to perform these tasks are described in SLO-5 through 41. It 
should not be implied that modules will be structured in this 
manner at the time of 1PA.D implementation. 

Condition data is always input by a knowledgeable user. 
The number of variables make automatic selection impracticable 
at this time. 

Structural Design — Goal: Expand and refine the structural 
design as defined in Block V-11 into a completely detailed 
engineering package. This package would consist primarily of 
data filed in the computer data bank, but could also include any 
desired hard copy such as engineering drawings, documents, 
specifications, or reports. 

It is intended that no new structure design definition be 
accomplished at Block VI-3, only expansion and refinement of 
solutions and concepts of Block V-11, It is here that the real 
capabilities of the computer can be utilized to provide 
efficiency in the design process. The design definition of a 
single body frame, floor beam or wing rib from Block V-11 can be 
repeated almost instantly 2, 4, or even 50 times. It can be 
readily modified to accommodate any number of optional, 
alternate, or special cases of similar concept. These special 
cases would include exceptional geometric or spatial limitations 
on the structure, unusual manufacturing or assembly conditions, 
or differing sealing or system to structure interface 
requirements. Only the incremental change in the design would 
require study while the data base would retain, instantly 
available, the remaining part of the design. Such a concept 
would be especially valuable for an area ruled body. Every 
frame would be similar in concept but of different diameter with 
varying stringer pitch. In like manner all floor beams would be 
of different length. The problem of retaining and utilizing 
such information is particularly well suited to the computer. 

The systems to structure interface would be refined in the 
computer mockup identified in Block V-11, but a full scale Class 
III mockup would also be necessary and will be defined in Block 
Vl-4. 


Great efficiencies would be derived from both the speed and 
accuracy of data transfer between the men and machines in the 
interactive design process. In addition, with fewer people 
involved the management can be more concerned with technical 
considerations and lass with manpower. Hopefully, the peak on 
the engineering manpower mountain presently necessary in product 
detail design can be reduced because of a more thorough 
preparation in Block V-11 and the improved design efficiency of 
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the interactive tool DSA-5 and the design analysis programs DSa- 
6 and on. 

All of the desxgn considerations, criteria and constraints 
of Block III-12, IV-24a, and V-11 will continue to influence the 
design process at this Level. Great attention to fine detail 
will be mandatory to complete the design package. All 
fabrication and installation requirements for every part and 
assembly must be determined during Level VI. These requirements 
include hardware material, heat treatment, geometry, fit-up 
tolerance with adjacent parts, fastener spacing and location, 
surface finish, and protective coating reguirements. 

One possible benefit of the use of IPAD will be 
identification and control of parts. This contiol and 
identification would begin with part numbering and automated 
parts release at Level VI. Hanufacturing and material 
visibility of these parts begins at this point. Paw material 
orders, NC programming and large tool planning would all use the 
data base inputs made at this level. A most important aspect is 
that the engineering would at this point be in a form accessible 
and acceptable to operations without requiring conversion for 
automated fabrication techniques. 

S tru c tural Sizing a n d Stres s Anal ysis — Goal: The obgective 
of this task is to perform stress analysis and sizing of 
individual components (i.e., identify and size each individual 
body frame and all other detail parts) , in other words, increase 
the refinement from representative to individual designs (DSA-5, 
-fa , -If etc. ) . 

This sizing and analysis covers all design details, so 
parts are analyzed and sized individually. The structural 
idealization is refined and the internal load distribution is 
calculated for the detailed area and stiffness properties 
obtained from the individual sizing. 

Test results from Level V as well as VI are used to correct 
theoretical results. The corrections should be applied to both 
internal and external loads, such as airloads on control 
surfaces . 

The sizing of the components and subasssemblies are based 
on the same considerations as in Level V, however, guai itatively 
this is going to result in more accurate weights and 
distributions as the internal loads are based on more ’’accurate” 
internal loads distributions which furthermore are updated with 
respect to Level V test results. 
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Parallel activities will include finite element 
idealization of local areas, such as wing-body joint, access 
doors in lower wing skins, door cutouts in the fuselage skin, 
etc., (STB-7 to -13). These results will be used for comparison 
with test results and after correlation serve as a basis for the 
sizing of the respective components and subassemblies. 

S yste m Design — Goal: To complete final design and 

development of all systems. 

Continue Level V activities and complete the following 
additional activities. 

1. Identify all hardware required and release preliminary 
information to the mocknp. Finalize and release 
design of detailed parts and installation information. 

2. Finalize and release procurement specifications for 
new equipment items. 

3. Finalize and release maintenance information including 
the following. 

a. & system schematic diagram with system 
maintenance requirements noted. The system "new 
condition” operational limits are identified for 
the manufacturer's functional test requirements. 
In addition, the system ”in service" minimum 
acceptable operational limits are established for 
the operator's functional test requirements to 
allow for normal deterioration. 

b. A component maintenance data sheet for all 
components of maintenance significance. This 
data sheet contains information on accessibility, 
servicing, test and inspection, and removal and 
replacement. The following information is 
established for each component: 

(1) Test Provisions: self test or test-in-place. 

{2) The component removal basis in one of three 
categories; (a) Time-controlled components 
with predictable wear-out rates which will 
be removed and replaced in accordance with 
the scheduled time between overhauls (TBO) ; 
(b) Condition-controlled components which 
can continue to operate until inspection and 
tests (made without removal or tear-down) 
indicate the part is no longer airworthy. 
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This category is generally related to parts 
which fail or wear out gradually; (c) 
Failure-controlled components which can 
continue in service until failure. This 
category is generally related to parts which 
fail abruptly and their failure does not 
impose any hazard. 

c. Procurement specifications: Each procurement 

specification contains a maintainability 
reguirement to meet the intent of b. (1) and b. {2) 
above, and a test to prove satisfactory operation 
at a specified deteriorated performance level. 

4. Finalize and release schematic diagrams of the 
electrical circuits and develop integration with the 
wire release system (STH-22) . 

i^ eiqhts (Type E) — Goal: To provide the Staff, Project, 

Finance and Hanufacturing organizations the current status of 
the configuration's definition in terms of weight and weight 
related items in a form which is meaningful to each recipient. 

The weight data are based on calculations from released 
engineering drawing by part and actual part weights. A first 
attempt to provide this capability is contained in Technical 
Program Element HTS-22. 

s ire jRe l ease System — This is a typical packaged part design 
process with the goal to define, integrate and control all 
wiring in the airplane. 

The Sire Helease System is a composite oi approximately 80 
programs. Its primary data base consists of a wire masterfile, 
an equipment masterfile, and a file containing production 
information (primarily from planning and mockup inputs) . 
Several smaller files provide specialized information to be 
merged with the primary data on various output reports (STM-22) . 

The major output reports aiie used in the following ways. 

1. Engineering 

a. Input of wire and equipment to data files. 

b. Verification of agreement between data files and 
wiring diagrams, 

c. fieference information for configuration of any 
airplane. 
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2. aockup 

a. Input of wire lengths and subassembly groupings. 

1). Seference information from which fonoboards and 

production illustration (P.I.) drawings afe 
produced. 

3. Planning 

a. Input assembly seguencing information, 

b. Issue production orders for every bundle 
required. 

4. Material 

a. Purchase wire, connectors, etc. 

5. Manufacturing 

a. Cut and mark wire. 

b. Preassamble connectors 

c. Assemble bundles 

d. Test bundles 

e. Connect bundles together after installation in 
airframe. 

6. Customer Airlines 

a. Maintenance 

b. Identification o± spare wires 

c. Identification of bundles and equipment for 
ordering spares. 

d. Input of information on post-delivery 
modifications. 


Program Descriptions: 

Manuf act urinq Plan (I nclud es Bundle Equi p ment List ) — This 

program provides a report containing production information, how 
many to build, what parts are used, where to install the 
bundles, seguence of assembly. Some engineering inpul: is 


125 



required, bat most of this data originates with mockup or 
planning. 

M ire _. Iist — This program lists each wire in every bundle. It 
shows information as wire number, termination {both ends) , size, 
length, color, type, assembly sequence, and references the 
wiring diagram which shows the wire. 

Equ i pmen t List — This program shows part number, description, 

next assembly, reference wiring diagram, etc., for each 
equipment items number used. 

The three programs above are the heart of the Hire Release 
System. Their master-files record the detail configuration for 
every airplane of a model series, and are updated with any 
frequency desired (usually 3 times per week) . The other files 
in the data base contain information of general applicability 
rather than specific data for individual airplanes. All other 
reports in the Mire Release System are ^'derived” reporrs; that 

is, derived from tne data supplied by the three major programs 
and the several smaller data files or tables with no additional 
input of information. 

Shop Aid reports include the following: 

Assembly conne c tion lis t — is a report showing how long to cut 
each wire, from what wire type and size to cut it, how to mark 

it, and how to connect it. A separate list is issued for each 
group of wires within a bundle. 

Eilia_fiafi§ — physical layouts of connector insert arrangements 
with the wire number for each pin printed immediately below the 
pin number. 

Formbo ard list — is similar to the assembly connection list 
except that it is sorted by equipment item number rather than 
wire number to enable the worker to finish one item before 
starting another. 

Ma nuf a cturinq pla n — is basically the same as used by engineering 
except that part numbers for all equipment items are added by 
the computer from the equipment file. 

Other Hanuf acturing Reports Are: 

Part Requisition Cards are used to issue parts and serve as 
materiel records. 

Mndle Assembly T ag s control the routing of bundles in the 

proper sequence through the production line. 
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Dats x cards supplement the assembly connection list for those 
wires which can be machine cut and coded. 

Mire Identificatio n Tape s provide wrap-around identification 

tags for those wires which cannot be machine coded. 

Au t omatic Wi r e Tester cards are used for automated resting of 
completed wire bundles. 

Ha ndle Sequence List provides planning with a complete list of 

bundles reguired for an airplane, sorted in production sequence. 

Hook-up Charts provide final assembly workers wirU hook-up 
information required at the time bundles are installed in the 
airframe. 

Other Non-danuf acturiag Reports include: 

D iag ram C heck L ist is an extract of the wire file, sorted by 
wiring diagram. It is used to check compatibility between the 
data base and the wiring diagrams. 

E qu ipm ent Check List is analogous to the Didgram Check List but 
IS extracted from the equipment file. 

Mire Compare Lis t shows only the differences between any two 

airplanes of the same model. 

Pa rt N umber Summ ary is an extract of the equipment file sorted 
py part number, 

A ssembly Index shows which bundles are used on what 

airplanes. 

Di ag ram Eq ui pment List part of the Diagram Manual Report <DHR) 
is an equipment list for one customer only and is sent to tho 
airline for maintenance information as part of the Wiring 
Diagram Manual. Diagram Manual Deports are available to 
customer airlines on nard copy, punched cards, magnetic tape, or 
microfilm at the customer’s option. 

Diagr am Hire List (Part of DMR) is a full wire listing for all 
oundles for one customer block. 

Hook-up Ch art s, Grou nd Li st, Spli c e List, Ter m inal List are all 

part of the DMB and give hcok-up information for various 
equipment items. 
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Hire Quantity Report gives Hateriel information on how much wire 
of each type and size is required per airplane. Total wire 
weight per airplane can also be obtaxned from this program. 

B lock VI-4. Manufacturing Bevie w — Goal: To monitor 

schedule sensitive item releases from Engineering to assure that 
manufacturing activities can be responsive. 

Operations refine manufacturing plans and make inputs to 
manufacturing computer systems for part card coding, detail and 
subassembly orders, and major assembly and installation paper- 
Engineering changes are scheduled and unit sequencing 
accomplished. 

Engineering releases are monitored per the Document 
Industrial Engineering (DIE) and manufacturing schedules 
adjusted for late releases. Manufacturing assemblies, and 
detail deviations are identified for facility of production. 
These become inputs to the manufacturing systems, but do not 
exist in the end product. 

There is a continuous interaction between Engineering and 
Operations as the part drawings are released. There must be 
quick response by Engineering to design change requests that are 
based on improved cost and schedule assumptions. Many requests 
are initiated on the basis of problems encountered on the Class 
III manufacturing mockup network Block VI-4. Where possible, 
changes are incorporated in the initial releases. 

Blo ck VI-4 . Mockup — Goal: To provide the mockup planning 
department with information to develop the required engineering 
and manufacturing raockups and to produce production illustration 
drawings. 

E nginee r ing Moc kup — Preliminary information and drawings 

are used to construct bhe engineering mockups. Class I mockups 
provide approximate information of the airplane structure and 
are used to evaluate full scale integrated space and arrangement 
concepts of the airplane, class II mockups provide more detail 
of the airplane structure and are used to evaluate full scale 
structure and component installation concepts. These mockups 
include moving parts where required and provide final checkout 
information for the integrated engineering evaluation. 

M anufacturing Mockup — Final engineering drawings are used 
to construct the Class III manufacturing mockup. This mockup 
represents the exact production airplane structure made from 
final engineering information and is used for engineering and 
manufacturing evaluation of the integrated airplane structure 
and systems. The Class III mockup is used to develop tubing. 
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wiring, thermal and acoustic linxng, and other parts whxch do 
not require detail information from engineering. 

Hanuf acturing prepares productxon illustratxons (PI 

drawings) which are co-signed by engineering. These are 
perspective vxews of wiring, system component and tubing 
xnstallations xn the manufacturing Class III mockup. These 
drawings provide installation information to raanufacturing. 
Computer-aided design support can provide views of the structure 
to which the details are added manually. These are updated as 
the result of design changes. 

Block VI- 5. Summar i ze and Beview — Goal: To summarize and 

review the detailed part design process by use of the management 
information system (KIS-1, -2 and -3) . 


4.2. 3. 7 Level VII - Product Kanufacture 

The goal of Level VII is to build tne product. This Level 
appears by definition at the end of Level VI. The IPAD system 
will interface with manufacturing, to the extent required to 
cause the product ”as designed'* to be built. 

Blo ck VII-I. fian ufactunn q — Goal (1) ; Provide a 

manufacturing process to build the end product to fulfil the 
engineering specifications and assure that the "as built" 
configuration matches the "as designed" configuration. 

The manufacturing process utilizes extensive computer 
systems to produce shop paper, collect cost data, report 
execptions, and record configuration. Numerical control 

fabrication depends on a large general purpose computer and the 
status of tools is reported by means of a computer program, for 
example, the design, planning and fabrication of wire bundles 
are controlled fay a computer system (Wire Belease System STK- 
22) . The complexity of the process is controlled by a series of 
checks and re-checks, both manual and automated, with decision 
making data available to management as a by-product. The final 
check by Quality Control is a match of the "as built" data base 
against the "as designed" data base. 

To further amplify this example, the Wire Belease System 
provides manufacturing with reports designed to assist 
production as follows (ST«-22) : 

1. Fabricating bundles (Cutting wire, marking it, in- 
stalling connectors, grouping and 
tying wire into bundles) , 
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2. lestiag bundles (Using card controlled automatxc 

Test Eguxpraent ) , 

3. Installxng bundles (Making connections between bundles 

after bundles are installed in the 
axrframe) . 

The only information required for the above steps not 
supplied by the Hire Release System is contained xn standardized 
assembly procedures, formboard drawxngs (sub-assembly level) and 
production illustratxon drawings (fxnal assembly level) . 

Goal (2): To provxde engineti ing liaison to manufacturxng 

for rapid engineering response to manufacturxng design change 
requests that are the result of fabricatxon difficulties. 

There are design dxscrepancies that affect producibxlxty 
and are not apparent untxl the actual fabrication, assembly, or 
installation is attempted xn the factory. 8hen problems arise, 
there must be a fast response by engineering to the 

manufacturing request for a design change, in order that the 
matter be resolved with the least possible delay in the 
production process. The liaison activxty provides the response 
and also feeds the information to the parent organization to 
assure that the affected desxgn medxa are corrected. 

Blo ck VII-2. Produ c tion Problem Requxrin q Redesign? — Goa 1 : 
To provxde a process by which required design changes are made 
known to the engineering desxgn progect. These changes are of 
the type whxch cannot be made by the engineerxng liaison 
organization supporting the manufacturing effort. 

Slock VII-3. Ex tract Con f igurati on Accountabilxtv — Goal: 

Rrovxae conf iguratxon accountability and cost data"^ by axrplane 
unxt . 


Throughout the manufacturing process, production events are 
occurring whxch deviate from the Manufacturing Plan. These 
include shortages, out-of-sequence rework, remove and replace 
operations, retrofit kit installations, etc. The interaction of 
the fabrication process with Quality Assurance assures that 
records are maintained to provide configuration accountability 
for each axrplane unit. The data base is updated on a daily 
basis. Other parameters that are maintained in the data base 
are part and labor costs, part weights, and overhead costs. 
Various reports, both scheduled and requested, are compiled 
using elements from the data base and the management information 
system (MIS-2 and -3) . For example, the Hire Release System 
(STM-22) provides reports containing the amount of wire in an 
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airplane, by type and gage, its weight, and a listing of all 
electrical and electronic equipment items. 

The Standardized Height Record System {WTS-22) provides 
weight and balance data and weight related data such as 
cost/weight and weight change resulting from coniiguration 
changes. 


4.2. 3.8 Level VIII - Product Verification 

The goal ol Level VIII is to verify the safety and 
performance of the product. This will be achieved by tests most 
likely outside the IPiD man/machine environment, but the results 
will be recorded by the IPAD data base management system. 

Bl oc k VIII-1. Airf ram e Tes ting- -Goal : To verify the 

static strength and fatigue life of the airframe and that 
certification standards and reguirements have been met. 

This testing is destructive full scale testing of primary 
structure and the verification relates to ultimate loads and 
predicted fatigue life. There is, however, a secondary 

objective, mainly of data collection character. The tests will 
be designed in such a manner that strain and deflection 
measurements can be used for inferences regarding plasticity 
effects and influences on internal load distribution, shear lag, 
stiffness characteristics {local as well as gross) • 

The results will be used for updating internal loads 
distributions and establishing airplane growth potential and/or 
improvements. Finally, tnese results will be incorporated in 
xhe data base for future reference and predictions. 

These tests will oe supported by reliability and safety 
assessments (REL-6, -8, -9, -13). 

B lock VIlI-2. Flight and Grou n d Testi ng — Goal: To conduct 

tests with a flight-capable airplane to verify flight and ground 
performance and safety. These are discussed for several 
technologies . 

A erod yn amic s — Goal: To cerify the performance guarantees 

and regulations. 

Proof of guarantees and federal safety requirements 
requires extensive flight tests. Aerodynamics will in the main 
be concerned with measuring flight quantities that relate to 
performance. The low speed lift capability is determined. The 
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cruise fuel consumption, which in turn implies drag levels, is 
measured. Buffet and stall conditions are mapped. 

The data taken during these flights will be reduced and 
placed in the IPAD data bank. Tnis will facilitate the writing 
of manuals and documents supporting the measured performance. 

Gro und V ib r ation Te sting --GQal: Verify the theoretically 

predicted vibratory characteristics ot the airplane. Provide 
information on structural properties of the real airplane, which 
may serve as basis for improved final aeroelastic calculations 
before the first flight. 

The manufactured airplane will go through an extensive 
ground vibration test to obtain the natural mode shapes and 
frequencies for comparison with the flutter model and 
theoretical modal data used in determining the flutter 
characteristics. The dynamic characteristics of the control 
system will also be determined by test. The generalized masses, 
natural frequencies and damping characteristics associated with 
the natural modes of tho airplane should be determined for use 
in verifying analytical flutter prediction. 

F lgqh t C ontrol Sys t em — Goal: To demonstrate flight control 
system characteristics. 

Flxglit tests are performed to verify the flight control 
system design. Note that the ground roll portion of tests to 
demonstrate an autoland system will be performed at this time. 
The tests are primarily transient response and the simulations 
of FCS-8, FCS-9, FCS-10, and SSC-19 may be used to correlate the 
experimental results with theoretical results. Frequency 
response testing may also be used. Hence, the computer programs 
FCS-1 and FCS-2 will be activated. Flight test data reduction 
IS a highly specialized field. Therefore, the data reduction 
computer programs will probably operate in a stand-alone mode. 
After test data has been reduced into a useful form by the data 
reduction programs, selected portions of the results will be 
transmitted to the IPAD data bank. 

Fligh t F lut t er Te s ting — Goal: To ensure that the airplane 

IS free from flutter throughout the design flight envelope. 

Full scale flight flutter tests are conducted to ensure 
that the operational airplane will be safe from flutter and to 
determine the subcritical response characteristics of the 
airplane. In these tests dynamic excitation is applied while 
the airplane is flown at constant speed and altitude while the 
resonance modes are excited. The recorded responses are 
analyzed to give resonance frequencies and decay data before the 
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test is repeated at higher speeds. Test speed is increased, for 
a range of altitudes, until the whole design flight regime is 
shown to be safe or until an incipient flutter condition is 
discovered. 

If a flutter suppression system is required, the flight 
flutter tests will verify the control system stability margins. 
The procedure is similar to the procedure followed in the wind 
tunnel flutter model tests (design network Block Vl-2) . 

P ropuls i on --Goal : To establish the performance of the 
propulsion system. 

The noise characteristics will be measured, and the 
installed engine characteristics will be determined. Engine 
operating limits will be described, and fuel usage will be 
measured. The effectiveness of the thrust reversers will be 
demonstrat ed- 


R eliabilitv A 5sessfflent --Goal: To assure adequacy of the 
flight and ground testing from the standpoint of reliability and 
safety. 

A review of the Flight and Ground Test Plan prior to 
testing and review and analysis of test data is performed. 

This assessment is manual for pre-test review. Test data 
reductions will be by SEL-6, HEL-8, REL-9, EEL-13. 

Stabi lity and Co nt rol — Goal: To certify the flying 

qualities of the airplane to meet appropriate regulations for 
desirable, handling qualities, for normal and foreseeable 
abnormal failure conditions, require extensive flight testing to 
meet requirements for the Federal Aviation Administration and 
possible other authorities such as the British Air Registration 
Board. 

Stability and control are concerned with measuring flight 
behavior and the correlation with estimated characteristics and 
the registration requirements. Also of importance in these 
tests are those characteristics which affect the performance of 
the airplane and its ability to meet guarantees, i.c., takeoff 
rotation speed and rotation rate, landing flare capability, 
minimum control speeds. 

Typical flight characteristics that will be measured are: 
roll response, stick forces, trim requirements, asymmetric 
thrust effects, dynamic responses due to control inputs, 
crosswind takeoff and landing capabilities, system failures, 
etc. 
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Data taken from these flight tests will be analyzed and 
stored in the IPAD data bank. A flying qualities document will 
be continually updated to reflect the actual flight 
cfaarac teristics measured in flight test; flight simulator 
documents used for design as well as flight training and 
demonstration will be updated similarly. 

Block Vlli-3 . F unc t ional Test ing — Goal (1) : To prove 

acceptable operation of components and systems- 

System components are bench tested for compliance with 
prescribed operational requirements prior to installation on the 
airplane. 

Airplane systems are tested on the airplane foi compliance 
with prescribed operation requirements. 

The- functional tests are performed following procedures 
established by engineering, for example, the Wire Release System 
provides IBM card decks for use in functional testing of Boeing 
built electronic modules (Hughes FACT) and vendor supplied 
modules axe tested by a Hawker-Siddle y TRACE. Data for this 
does not come from the Wire Release System. 

Goal (2) : To assure adequacy of functional testing from 

the standpoint of reliability and safety. 

A review of functional test plans prior to testing and 
review and analysis of test data is performed. 

This assessment is manual for pre-test review. Test data 
reductions will be oy REL-6, REL-b, SEi-9, REL-13. 

Block ~ Vl ll-h . Su mm a rize an d Re view — Goal: To provide the 

Engineering, Finance, Manufacturing organizations. Program 
Management and the Customer (according to contractual 

obligations) a current status of the product definition. 

Block zSi Pro blem EsSil nq Rede sign ? — Goal: To 

monitor the verification processes and determine which parts 
need redesign. These parts will be returned to Level VI for 
review and redesign. The data base management system will 

retain the information describing the nature of the difficulty. 

Blo ck VIII-6. C ertificd t ion — Certif icetion is a magor 

milestone. Once all the required airframe, flight, ground and 
functional tests have been satisfied, and certification has been 
obtained, the product can enter the in-service phase. 
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4. 2. 3, 9 Level IX - Product Support 

This Level is concerned with collecting information 
required to support the product once it is in service. Its 
performance and other insecvice information will be continually 
monitored by entering data in the data base and using the 
capabilities of the IPAD data base management system. 

Block IX - 1. In-S ervice Pa rt s His tories — These will be 

monitored to detect problems, and to enrich the statistical data 
base for the Preliminary Design Levels. For example, the Wire 
Release System (STS-22) Technical Program Element will maintain 
wiring and equipment data for each airplane throughout its 
service life, including any modifications made after delivery. 

In additron, after an airplane has entered commercial 
service, maintenance activity such as part replacement, both 
scheduled and unscheduled, retrofit kit installation and system 
failures are important to develop improvement on current and 
future programs. These parameters are used to update the data 
base by airplane units. Customer Engineering can request 
extracts of this type of information. 

Also, the reliability data base is updated for the benefit 
of the following technical program elements; EFL-6, -9, -11, 
-12, -15, -ifa, -17, -28, -29, -30, and -31. 

Bl oc k I X-2. In- S ervice Payload Fact ors by B o ut e — This 

information enters the marketing data base for marketing 
estimates of current and projected new products. 

B lock IX-3. In-Se r vice Airplane perform a nee c ha e s — This 

information is made available to the data bases of the affected 
technical disciplines, where serious degradations will modify 
future designs. 

B lock lx- 4. In-S e rvice System s Performance — Per f o rm an ce of 

various systems will be recorded as the airplane is operated. 

Block IX -5 . In-Se rv ice Problem? — This will refer in- 

service problems back to Level VI for analysis and design 
revisions. 


4.2.3.10 Procedure - Equations of Motion 

The equations of motions aie represented by the solution of 
a set of Technical Program Elements that appear frequently 
throughout the Preliminary Design Levels. The tasks that appear 
in this procedure are given below. 
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bl ock EM-1. F orm Mass Matrix — Goal: To form standardized 

mass matrices which will contain for each pre-defined panel: 

1. Weight 

2. Center of Gravity 

3. Moments and products of inertia about the eg 

This data will be subsequently modified by the analysis in 
Block Ea-5 to transfer the mass data from the panel eg to a 
reference axis used by the dynamic loads, flutter ard flight 
controls analyses. 

In order to facilitate the analysis of various flight 
conditions, there should be separate mass matrices developed 
for: 

1. Ming (flaps up and down) , 

2. Body, 

3. Horizontal tail; 

4. Vertical tail, 

5. (each) nacelle and strut, 

6. landing gear (up and down), 

7. Payload, 

a. Fuel. 


The mass matrix will be developed by WTS-20. 

Block EH- 2 . Fo rm Stif fness Matrix — Goal: To form a 

stiffness matrix for specified kinematic freedoms. 

The airplane major component section elastic constants 
(flexural rigidities, torsional rigiaity and shear center 
location) are assembled into an elastic beam representation of 
the airplane. From this representation, a reduced stiffness 
matrix may be generated for any set of specified kinematic 
freedoms (STS-6) . 

Slock_E^3^ Form A er odynamic Influence Coefficient 

Matr ix — Goal: To establish an aerodynamic influence co- 

efficient matrix for use in the solution of the equations of 
motion . 
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The formation of the aiC matrix is controlled by ABO-4, 
which monitors the solution of a well-panelled (in the 
aerodynamic sense) AIC matrix, then shrinks it into a more 
managable sxze for subsequent loads analysis. The loads for the 
matrix are actually formed by AEO-5, which in turn relies on 
ARO-6 for the interference of the body on the wing. Sings, 
empennages, bodies and nacelles are modelled. The solution is 
valid from Mach = 0 through Mach = 5, with a continuous solution 
through Mach = 1. The load distribution is still usable in the 
transonic regime, although accurate surface pressures are not 
provided where mixed flow exists. 

Block BM-4. Establi s h Tr i m Poi nts--Goal : Compute angle of 

attack, sideslip, and control surface settings required for 
trim. 

Trim points are usually computed for level flight. 
However, a steady climb, vertical acceleration, steady turn, and 
sideslip are also valid initial conditions. The trim points are 
computed (S&C-16) by iterating upon the mass matrix (Block EM- 
1) , the stiffness matrix (Block EM-2) , and the aerodynamic 
influence coefficient matrix (Block EM-3) . These calculations 
are time consuming due to the large matrix size. Hence, an 
alternate approach will be to build tables of trim points for 
several Mach number, altitude, and weight conditions. 
Subsequent trim point calculations will consist of only a table 
look-up. 

Block EM -5. Natural V i bration Modes — Goal: Modal analysis 

is used throughout the industry when doing a flutter, dynamic 
loads, or an elastic flight control system analysis. The 
initial step in any of these analysis is to obtain the natural 
vibration modes of the airplane. 

The natural vibration modes program (SDL-1) is used to 
calculate both symmetric and anti-symmetric free-free mode 
shapes. An option is included to be able to also calculate 
cantilever modes. The free-free mode shapes are calculated 
directly using a mass matrix and a free-free stiffness matrix 
from Blocks EM-1 and EM-2 respectively. Included in the output 
with the mode shapes are modal frequencies, generalized inertia 
matrix and generalized stiffness matrix. ' 

The entire mode shape calculation would be automatic at 
this design level. 

Bl o ck EM-6^ Opt ion ? --Goal : Determine which option to be 

selected for generating equations of motion. 
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This decision is computerized. Tvo decisions are allowed 
namely flutter or quasx-steady. If flutter option is selected. 
Blocks EM-7, EH-8, EM-9 will be executed, otherwise, EM-10 and 
EM-11 will be executed. 

Blo.ck E« -7. I nterpolation — Goal; Provide modal values at 

aerodynamic control points. 

The modal values of normal deflection and stre-amwise slopes 
at aerodynamic control points will be interpolated from the 
vibration modes along the lifting surface elastic axis 
{calculated in Block EM-5) . The interpolation is done by a 
chain of cubics exact fit schemt (SPL-1) . These interpolated 
modal values will be required tor executing the lifting surface 
oscillatory aerodynamic programs described in Block EM-B. 

Bloc k EM-8 . Uns teady Aer odyn a mics — Goal : Provide 

generalized force matrices for flutter analysis. 

Generalized force matrices are calculated by executing 
unsteady airloads program. 

For a rapid fluttei analysis, generalized forces matrices 
are generated using lifting Line theory (SFL-2) . The state-of- 
the-art lifting surface unsteady aorodynamics are used for 
flutter analysis of refined configurations. Programs identified 
as 3FE-3, SFL-4, SFI.-5, SFL-6, SFX-7, SFL-b will provide the 
capability of predicting oscillatory airloads on single planar 
lifting surtace, single rigid cowl, main surface with leading 
edge and trailing edge control surface(s) and tab, wing-body, 
wing-tail, wing-cowl, T-tail, V-tail, and other general 
conf ig ur at ions. 

Generalized force matrices may be xnterpolated with respect 
to reduced frequency at a certain Mach number using SFL-9. 

Blo ck EH-9 . Form F lutter Ma trices — Goal; Formulate the 

eguations"of motion for flutter analysis. 

Flutter matrices are consisted of generalized mass and 
stiffness matrices {Blocs EM-5) and generalized forces matrices 
{Block EM-8) . These matrices are formulated, along with speed, 
altitude, and Mach number, as coefficient matrices of a system 
of second order ordinary differential equations {SFL-10, SFL-li, 
SFL-12) . Additional equations may be required to account for 
tne presense of actuators (FCS-13) and control system feedbacks. 

B lock EM - IQ . Force Ma tr ices — Goal; The generalized force 

matrices are required to calculate both the guasi-steady 
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equations of motion (EH-11) and the load equations except 
accelerations in the dynamic loads event Block IV-42. 

The generalized force matrix program (SDL-2) will use the 
aerodynamic influence coefficient matrix (EH-3) , rigid body 
modes, natural vibration modes (EK-5) , mass matrix (EM-1) , and 
wind tunnel model corrections from the IPAD data base to 
generate panel aerodynamic and inertia forces on the airplane. 

A knowledgable engineer will be required to intervene if 
problems develop during on-line operation. 

B lock EM-11. Quasi-Steady Eouatioiis of Motio n — Goal : The 
quasi-steady equations of motion are required in the solution of 
the elastic dynamic airplane for flight controls system analysis 
and dynamic loads analysis. 

The unaugmented equations of motion program (SDL-2) uses as 
input data from the force matrices (EM-10) and natural vibration 
modes (EM-5). The approach used in generating the equations of 
motion is the energy approach or more specifically the "Lagrange 
method." The program would be semi-automatic and would require 
an engineer to guide it during off-line operation. 


4.3 PROJECT 2 - SUPERSONIC COMMERCIAL TRANSPORT 

4.3.1 Projec t De finit ion 

Project 2 is defined to be a general supersonic commercial 
transport. The wing geometry would be fixed or variable. 
Different structural concepts would be utilized, and the 
geometry could be control-configured. The most important limit 
IS that the cruise Mach number be low enough that cooling by 
using the fuel as a heat sink would be adequate. The range and 
payload are unspecified. 

4.3.2 Des xqn Net w ork s 

As in Project 1, the general Product Level concept of 
figure 4.1 applies to this Project. However, the tixles of 
levels III, IV and V are referred to as configuration sizing, 
configuration refinement and configuration verification- The 
following table represents the time objectives for the 
preliminary design levels: 
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Level 

1 desiqn cycle 

converged design cycle 

II 

2 days 

* 

III 

1 month 

* 

IV 

2 months 

4 months 

V 

3 months 

6 months 


* One design cycle provides a converged design at levels II 
and III. A management decision is required to continue 
until a converged design is obtained at levels IV and V. 
This provides management control of the costs for computing 
and development testing {see section h-1) . 

4. 3. 2.1 Project 2 Supersonic Commercial Transport Detailed 
Design Networks for the Product Levels 

figure 4.6 presents the detailed design networks 
for Project 2. The following information is pertinent to 
the networks: 

N etwork blo c ks 




computer decision 


computer or man decision 
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man (or men) decision 


Weights nom en clatur e 

Type A - statistical group weights 

Type B - analytical primary structure weights, 
statistical weights for rest of 
airplane except for known components 

Type C - analytical primary and secondary 

structural weights, statistical weights 
for rest of airplane except for known 
components 

Type D - analytical weights (primary structure, 
secondary structure and all other 
items) except for known components. 

Type li - ail weights are determined by individual 
part. 

0I5W - Operating empty weignt. This designates 
the weight of the aiiplane including 
all weight except payload and usable fuel. 

E gaatao n s o f Hotion 

The equations of motion are a large group of Technical 
Program Blments which have been identified as a procedure in a 
separate network. They were grouped as a procedure because they 
are repeated many times throughout the design networks, the 
equations of motion network is shown on page 160. 

N arrat i ve Descripti ons 

A narrative describing the design and analysis activities 
is presented in section 4.3.3 (page 161)* Each network 
narrative is identified by a reference network block number. 
Some parts of this narrative are the same as that of Project 1, 
however, they have been included here for those who might choose 
to read only the Project 2 description. References to Elements 
contained in the Volume V, the catalog of Technical Program 
Element, are made throughout the narrative. An example would be 
ARO-9. This is an Aerodynamics Technical Program Element for 
Wave Drag and Supersonic Area Rule. It is an existing compuxer 
program which has been identified as a candidate for IPAD. 
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LEVEL I - CONTINUING RESEARCH 



DATABASE MANAGER 


Figure 1-.6 Design Networks - Project 2 Supersonic Commercial Transport 
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LEVEL H - DESIGN MISSION SELECTION 



Figure ^.6 Design Networks - Project 2 (Continued) 
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LEVEL III - CONFIGURATION SIZING 



Figure 4,6 Design Networks- Project 2 (Continued) 
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Figure i|.6 Design Networks- Project 2 (Continued) 
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LEVEL III (Continued) 



Figure 4.6 Design Networks- Project 2 (Continued) 
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LEVEL IV -CONFIGURATION REFINEMENT 

''^“'''DEVELOP LEVEL IV INPUTS 

• USER INPUTS 

• DATA BASE INPUTS 

• LEVEL 111 OUTPUTS 


lV-14 


IV-4 



I V-3 

STABI LITY & CONTROL 
WIND TUNNEL DATA 

• NASA TESTS 
•INDUSTRY TESTS 

• NEW TESTS WITH 
AVAILABLE MODELS 


STABILITY AND CONTROL 
DATA PREPARATION 


IV-5 


FLIGHT CONTROL SYSTEM 
SYNTHESIS & ANALYSIS 
- RIGID BODY MODES & QSE 



Figure 4.6 Design Networks - Project 2 (Continued) 
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LEVEL IV (Continued) 


IV-17 


IV-19 


IV-22 


IV-23 



Figure 4.6 Design Networks- Project 2 (Continued) 







LEVEL IV (Continued) 



STRENGTH & FATIGUE 


UPDATE STRUCTURE WEIGHTS 
{TYPE C) 


UPDATE WEIGHTS. BALANCE, 
LOADABILITY, INERTIA 
-TYPE C- 



V-31a 

REVISE 

STRUCTURAL 

CONCEPTS 

AND 

ARRANGEMENTS 




Figure 4.6 Design Networks- Project 2 (Continued) 
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LEVEL IV (Continued) 



Figure i|.6 Design Networks- Project 2 (Continued) 


150 



































LEVEL !V (Continued) 



Figure 4.6 Design Networks - Project 2 (Continued) 
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LEVEL IV (Continued) 



IV-65I 



MANUFACTURING REVIEW 

• COMPANY RESOURCES 

ESTABLISH PLANS & SCHEDULES 

• ENGINEERING 

• VERIFICATION TESTING 

• MANUFACTURING 

IDENTIFY LONG LEAD ITEMS 


IV-661 


SUMMARIZE 

•PERFORMANCE 

•FINANCE/COST 

• EFFECT OF SCHEDULES 

ON COST 

• ASSESS MARKET SU ITABI LITY 


0 


Figure 4-.6 Design Networks- Project 2 (Continued) 
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LEVEL IV (Continued) 



Figure M-.6 Design Networks- Project 2 (Continued) 
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L^EL V - CONFIGURATION VERIFICATION 
O I 10, 


V-2 


V-1 


V-11 


V-1 3 


MODIFY 

W.T. 

W.T. 

-.-^^^<model CHANGE^> 

<MODEL CHANGES>-^ 

MODIFY 

W.T. 

MODEL 

1 ' 

\^R^U!RED^.^ 

^\R^UIRED/^ 

MODEL 


V^3 

CRUISE W.T. MODEL CONFIGURA 
TION DESIGN -LOFTED GEOMETRY 


V-4 


V-5 


FABRICATE CRUISE MODEL-BEGIN 
STABILITY & CONTROL MODEL 


W.T. TEST CRUISE MODEL 
•CRUISE DRAG 

• LONGIT. STABILITY & CONTROL 

• LATERAL & DIRECT. STABILITY 

•WING/BODY AIRLOADS 


V-61 


ANALYZE 

•PERFORMANCE 

• LONGITUDINAL. LATERAL DIREC- 
TIONAL STABILITY & CONTROL 


V-1 2 


TRANSONIC FLUTTER 
MODEL DESIGN 

V-1 4 


BEGIN MODEL FABRICATION 




V-8 


TECHNICAL REVIEW TO 
DETERMINE NEXT ACTION 



V-9| develop LEVEL V INPUTS 


V-10 


& 


•USER INPUTS 
• DATA BASE INPUTS 
•LEVEL IV INPUTS 


V-1 5 


DESIGN / ANALYSIS 
• AERODYNAMICS/PERFORMANCE 
•COMPUTERIZED SPACE/ARRANGEMENT MOCKUP 
•DYNAMIC LOADS 

•FLIGHT CONTROL SYSTEM SYNTHESIS AND ANALYSIS 

•FLIGHT SIMULATOR EVALUATION 

•FLUTTER 

•PLANS AND SCHEDULES 
•PRODUCT ASSURANCE 
•PRODUCABILITY REVIEW 
•PROPULSION 

•STABILITY AND CONTROL 
•STATIC LOADS 

•STRUCTURE DESIGN/INTEGRATION 
•STRUCTURE SIZING / STRESS ANALYSIS 
•SYSTEM DESIGN 

■ •WEIGHTS - TYPE D 


TESTS { DEVELOPMENT) 

• CONTINUED W.T. TESTS 

•STABILITY AND CONTROL (CRUISE) 

• LOW SPEED (PERF.; S & C) 

•CRUISE (PERF.) 

• MANUFACTURING LOFT WING 
•TRANSONIC FLUTTER 

• LOADS PRESSURE 
•PROPULSION 
•STRUCTURE 
•SYSTEMS 


G 


Figure i|.6 Design Networks - Project 2 (Continued) 
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TESTS (DEVELOPMENTAL) 

• PROPULSION 

• STRUCTURAL FATIGUE, STRENGTH. ETC. 

• SYSTEMS 

-CONTROLS. ELECTRICAL, 
ENVIRONMENTAL CONTROL (ECS), 
FUEL, HYDRAULICS, ETC. 

• WIND TUNNEL 

-CONFIGURATION, FLUTTER, 

LOADS, STABILITY & CONTROL, 
SYSTEMS, ETC. 



DESIGN/ANALYSIS 

• AERODYNAMICS/PERFORMANCE 

• AUTOMATED PARTS RELEASE (APR) 

• DYNAMIC LOADS 

• FLIGHT CONTROL SYSTEM SYNTHESIS 
AND ANALYSIS 

• FLIGHT SIMULATOR 

• FLUTTER 

• PLANS AND SCHEDULES 

• PRODUCT ASSURANCE 

• PROPULSION 

• STABILITY AND CONTROL 

• STATIC LOADS 

• STRUCTURAL DESIGN 

• STRUCTURAL SIZING AND STRESS 
ANALYSIS 

• SYSTEMS DESIGN 

• WEIGHTS -TYPE E 

• WIRE RELEASE SYSTEM 


yi-4 i 

• MANUFACTURING REVIEW 

• MOCKUP 

• ENGINEERING 

• MANUFACTURING 



Figure >1.6 Design Networks - Project 2 (Continued) 
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LEVEL VI i - PRODUCT MANUFACTURE 



Figure 4.6 Design Networks - Project 2 (Continued) 
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LEVEL VIII - PRODUCT VERIFICATION 



Figure 4.6 Design Networks - Project 2 (Continued) 
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Figure 4.6 Design Networks - Project 2 (Continued) 




PROCEDURE; EQUATIONS OF MOTION 
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Figure ^■.6 Design Networks- Project 2 (Continued) 
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4.3.3 N etwork Activities Description 


4.3.3. 1 level I ~ Continuiug Besearch 

The purpose of this Level is to monitor continuing research 
and to assimilate those results that will be important to the 
designer in the IPhD environment. 

B lock I-l. L ong Term Goals Established B y Managemen t — 

flesearch in the technical areas of the IPAD environment will 
continue in the pursuit of long-term goals. These goals will be 
set by management, and will not be required by specific IPAD 
activities. However, the analysis capabilities of IPAD Levels 
II to VI may be used to indicate the more profitable areas in 
which research funds could be spent. 

Bloc k TzZi Besearch; 5 n Concepts, Technolog y — This 

block represents the research being conducted to support the 
advancement of the state of the design and analysis arts. 
Design concepts refer to research conducted to develop detail 
application capability such as use of composite materials, 
manufacturing processes, get noise suppression, variable by-pass 
ratio engines, etc. Technology refers to the general 
development of information and processes within specific 
disciplines such as aerodynamic characteristics of pressure 
distribution over airfoil shapes, potential flow analysis or 
materials development such as characteristics of composite 
materials. The users of the IPAD system will monitor these 
activities to enter new technical program elements into the 
library and to rtnprove the technology data bases. 


4.3. 3. 2 Level II - Design Mission Selection 

The goal of Level II is to select the design mission and 
criteria for tae subsequent design. Some very brief analysis 
and design logic will be required to support the selection of 
these criteria. 

B lock II-l. Develop Level II Inpu ts — The data stream for 
this project begins with Level II, The initial inputs will be 
derived from two sources. The user will provide specific inputs 
such as the problem constraints, performance requirements and 
technology time period. The last item will poinf tc groups of 
data in fhe data base required to support the various 
technologies. Level II is intended to be executed without 
interruption, therefore, all the inputs required for Level II 
should be given at the beginning. 
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Block II-2. Def ine O pen Market. Determiiie Market 

Bnvironmen t. — Goal: To xdentify ihe open market for a new 
airplane and to determine market environment disciplines for the 
new airplane engineering design. 

A mathematical model (HKT~1) calculates airline fleet 
reguirements based on airline traffic forecasts ana airplane 
inventory. An opfimum new airplane is determined for this 
market. The airplane route system is also identified and its 
market environment disciplines are determined by processing the 
market factors such as competitive market shares, growth, wind 
temperature and airfields, etc., (hKT-2) . 

Block I l-3« Propos e Design Mission, Assess Harket — Go al : 

To analyze market requirements and determine design mission 
reguirements that need to be met for the market environment 
disciplines determined in Block II-2. 

The market potential of a new airplane is evaluated (MKT- 
3) . 


B lock 11-4. Design h i ssion OK? — Goal: To determine if the 

design mission meets the market environment disciplines. 

This decision is manual and human judgment may be exercised 
in interpreting the disciplines. 

Heview and recycle if desired. 

D lock I 1-5. Config u re Airframe and/or Engine Family 

fparametric) , compute P er f ormance S Design Trade Dat a — Goal ; 

To configure an airframe and/or engine family and compute the 
performance characteristics of the family. This will provide 
design trade data for tne family. 

The elements comprising this activity are to be executed 
with a minimum of input, as the intent is to provide data for 
the selection of the design mission, rather than to determine 
the best configuration. The inputs will be composed primarily, 
of range', payload, Mach number, technology base (time period), 
a grid of thrust loading {T/W) and wing loading (W/S) and an 
initial 0E8 (STS-!). The DCA-2 geometry module will turn each 
airplane in the grid into a parametric geometry. The 
performance will be calculated using a simplified process (PfiF- 
i) . Low speed lift and drag will come from AEO-8, thrust and 
fuel consumption from modules PRO-3, 4, 5 and 6, and a group 
weight and balance statement from module WTS-2. The subsonic 
drag will be provided by ARO-7. The supersonic drag will be 
done by component, witn ARO-9 finding the wave drag and pressure 
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drag due to lift, aHO“12 giviog the skin friction drag, and aBO- 
17 finding the vortex drag-due-to-lif t , 

The weight and balance module will contain the following 
analyses; 

1. Statistical OKU prediction methods which produce a 30- 
item group weight statement, 

2. Statistical OEH balance arm prediction methods which 
produce a 30-item horizontal center of gravity 
statemen t, 

3. Fuel volume and fuel management calculation, 

4. Passenger, cargo and fuel loading calculations, 

5. 3-axis mass moment of inertia about the airplane eg 
calculation , 

6. Airplane balance and loadability calculations. 

The base statistical equations are of a form such tnat each 
group weight item is predicted as a function of a set of 
independent parameters. 

The process of finding the correct size of trie geometry 
and/or engine is iterative (see figure 4,4 on page 65 ) . The 

iteration is performed foe each geometry of the T/'W vs W/iJ grid. 
The result will be a field (a “thumbprint”) of airplanes that 
will all do the mission. The trade information will allow valid 
selection of the best design mission, that is, the mission with 
the best sales potential for the class of airplane under 
consideration. 

The design trade data will also consist of comparative 
evaluations of operational and support costs for competing 
configurations. These trades will be done by REL-1, -4, -14 and 
-41 for alternate engine and system concepts and by REL-1 and -4 , 
for support requirements and operational facilities at the 
airports in the intended routes. 

Blp^Ji_ II-6 . Ai r plan e Economic s Analvsis --Goal : To 

evaluate the operating economics of an airplane. 

Airplane relative cost values are determined (FKC-1) . 
Airplance economics are evaluated in terms of trip operating 
cost, aoi, break-even load factor, etc. (KKT-4) . For a given 
airplane route system, the operating profitability of the 
airplane is evaluated (MKT- 5) . As an aide in design refinement 
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economic sensitivity and design trade evaluation can be an 
option in HKT-4. 

In addition, the total airplane performance will be 
assessed rn terms of relxability and maantainabilxty in regards 
to axrplane availability, support costs (personnel and 
material) , and airport operational considerations- This 
assessment will be done by the maintenance, operation and 
support simulation models of EEL-1 and -4. 

Clock II-7 . F orec a st Sales Po tential — Goal: To forecast 

the sales potential of a new airplane. 

Requirements of the new airplane are calculated by airline 
and year to determine total sales potential of the new airplane 
(MKT-6) . 

Blo c k II-8. Suitable Sales Pot ential — Goal: To assess if 

the sales potential is enough for the related development cost. 

Man decision based on a review of the sales potential for 
each candidate configuration under investigation. 


4. 3. 3. 3 Level III - Configuration Sizing 

The goal of Level III is to size candidate configurations 
to the design mission and criteria. The sizing logic should be 
constructed to be executed with minimal user intervention. 

The Level III network has been divided into two parts, 
i-c., "geometry sizing" and "structure sizing." The geometry 
sizing part is an iterative process controllea by an equation 
solving module (DCA-4) which drives the configuration design 
variables such as wing area, root chord, tip chord, etc., until 
a prescribed set of equality and inequality constraints such as 
range, field length, etc., are satisfied. The analysis to 
support geometry sizing is based on sxatistical data and no user 
intervention is envisioned when a configuration designer 
dfevelops the input. The structure sizing part provides 
definition of the primary structure which is sized by analysis. 
This analysis includes static loads with statistical factors for 
dynamic loads, smeared material which is stress sized for 
strength and fatigue, weights and a flutter analysis. The basis 
for the weight estimate of secondary structure and nonstructure 
items remains statistical. The iterative looping for structure 
sizing is man controlled and the configuration designer may 
consult with specialists from the following disciplines: 
structure design, static loads, dynamic loads, stress, flutter 
and weights. 
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B lock III-l. Develop Level I II Inp uts — The development of 
inputs for Level JII will be similar to Level II tor the 
categories of user and data base information. However, in many 
cases a Level III execution will begin from a Level II solution. 
In these instances, the preparation of information required by 
Level III from level II results is to be done by automatic 
processes. These default calculations will be approved and 
corrected fay the user prior to execution of Level III. 

It will be desirable, but not necessary, to execute Level 
III without interruption, so that the input information for the 
entire execution should be available at the beginning. The user 
may monitor the solution, especially in cases where optimization 
is being done, to interrupt, correct, then resrart a solution. 
However, the flutter solution decisions require man interaction. 

Bl ock III -2. C alcul ate Geometry — Goal: To define and 

control the airplane geometry including planforms, arrangements, 
propulsion and the location of ma 3 or equipment items. 

An airplane geometry consisting of the body, wing, 
empennage, canard, power plants, and landing gear as integrated 
into a lofted general arrangement (DCA-1, DGL-1 and PEO-2) . The 
initial sizes are input and nay represent an existing airplane, 
a modification of an existing airplane or the designer’s 
judgment for a new airplane. This module will accept input from 
subsequent analysis modules and will resize the wing, engines, 
empennage, canard and control surfaces and/or will relocate the 
wing and landing gear to meet the mission requirements and 
criteria for performance, weights, balance, loadability, 
stability and control. 

An SST geometry is difficult to characterize and many 
variations have been investigated. In general, the 
configuration may be classified as tailed or tailless and by 
type of wing planform, i.e., delta or arrow. A tail or canard 
or combinations of both may be incorporated for stability and 
control considerations. The wing and canard may have fixed or 
variable geometry. A tailless version of the arrow wing may 
incorporate a retractable canard and vertical fins near the wing 
tips and at the body centerline. A wave-rider concept may 
require folding wing tips. Initial considerations include 
criteria for area distribution, effective cambei surfaces, and 
center of pressure control or fuel tank arrangements to 
facilitate fuel management for center of gravity control over 
the operational speed envelope. 

The body is characterized by the fineness ratio, planview, 
halfbreadth, camber line, crown line, keel line, floor line and 
area distribution. The design is related to the requirements 
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for the area distribution, control cabin, payload (passenger, 
baggage and cargo) type of configuration and propulsion 
arrangement. The payload reguixements include criteria for 
comfort, seating arrangements, aisles, access to emergency 
exits, lavatories, galleys, cargo compartments, cargo 

containers, doors, clearances for loading and emergency 

evacuation, windows and structure. 

The wing is characterized by the type of planform and by 
parameters such as aspect ratio, taper ratio, sweep angle, 
thickness form, twist and camber form. Flight and ground 
control surfaces are identified bj type and by percent of chord 
and span. Spars and the main gear support structure are located 
to provide space for control surfaces and actuators. Spar 
depths and wing fuel volumes are determined. The wing may have 
fixed or variable geometry. 

The empennage is characterized by the location and type of 
stabilizers and by parameters similar to the wing. 

The canard is characterized by type (fixed, free floating 
or controllable) and parameters similar to the wing. The canard 
may have fixed or retractable geometry. 

The power plants are characterized by an engine cycle 
(rubber engine) and a nacelle geometry or by input of a specific 
engine and nacelle. The engines may be located on the wmg and 
body or on the body centerline. The rubber engines are sized 
for takeoff, transonic acceleration or cruise thrust. 

The landing gear arrangements are characterized by Kind 
{bicycle or tricycle) , type (duel or truck) , <ind number of main 
gear (two, three or four). The gear is located and sized to 
meet criteria for strength, flotation, ground handling, takeoff 
rotation, pitch and, roll. 

The controls are characterized by primary flight 

(longitudinal, lateral and directional), secondary flight (lift 
and drag) and ground (drag and directional) . The primary flight 
control surfaces are sized and located to meet stability and 
control criteria. The secondary flight and ground control 
surfaces are sized and located to integrate with the flight 
control surfaces and landing gear structure and to meet 
requiroments for field length performance. 

Major Items such as ruel tanks, electronics, and 

environmental control units are located to reserve space and to 
provide weight and balance information (DCA-3, STH-1, -23, -24 
and -25) . 
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B lock I I I-3. Cal c ulate Cruise Performanc e , Wing 

Aer o dynamics Analysis — Goal: The climb and acceleration, 

cruise, then descent and deceleration portion of the mission is 
calculated to provide fuel burned, block time and flight 
profile. 

The mission will be calculated by PEF-2. Simplified 
equations of motion are integrated, and give results that are 
accurate to within 1% of real cesults. The cruise drag is 

provided by several modules. The subsonic drag is provided by 
module ARO-7. For the supersonic drag, modules AfiC-9 and AEO-11 
find the wave drag, module ARO-12 gives the skin friction drag, 
either AKO-5 or ARO-10 provides drag-due-to-lift and wing- 
nacelle interference drag, and modulo ARO-6 determines the 
aeroelastic effect on drag. Thrust and fuel consumption data is 
provided either by table lookup (PEO-5) or by thermodynamic 
cycle matching (PRO-3 or PRO-4) , together with the engine 
installation module (PRO-6) . In general, the cycle matching 
rechnigue will be used, as it is more flexible and can provide 
practically any thermodynamic parameters pertaining to the 
engine. 

The process for finding the supersonic cruise drag will 
disclose the theoretical pressure distribution on the wing and 
body, if ARO-5 is used to find the drag-due-to-lift. 

Exa.mination of the wing pressures and the body effect on the 
pressures will indicate the acceptability of the wing from the 
aerodynamic point of view. This does not infer an aerodynamic 
design to the degree desired foe wind tunnel testing, but only 
thdi the thickness form does not contain regions that would 
later preclude a successful wing design. 

Blo ck III-4. Type B Weights A vailabl e? — Goal: If the 

level III analysis has been executed to the point where type B 
weights have been calculated (Block III-19) or in Level IV, 
rather than re-executinq a statistical type A weights analysis 
because of a slight change in the configuration, it would be 
more accurate to scale the group weights as determined in the 
type B weights analysis. This would be done in Block III-7. 

B lock III-5. Calc u late Heig h t and Bala n ce - Type A — Go al : 

To provide the necessary output, consistent with amount of 
information known at this level, to determine it the 

configuration under consideration is acceptable from the 

standpoints of weight, balance and loadability. 

The Technical Program Element which provides this 
information should contain the following analysis: 
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1. Statistical OEW weight prediction methods which 

produce a. 30 item group weight statement (base buildup 
option ) t 

2. Statistical OSW balance arm prediction methods which 
produce a 30 item horizontal eg statement, 

3. Fuel volume and management calculations, 

4. Passenger, cargo, and fuel loading calculations, 

5. 3-axis mass moment of inertia about the airplane eg 
calculations, 

6. Airplane balance and loadability calculations 
(determined in conjunction with the stability and 
control Block III-6) . 

The base buildup statistical equations are of a form such 
that each group weight item is predicted as a function of a set 
of independent parameters. This type of equation is not suited 
for scaling. 

Technical Program Element WTS-2 contains this analysis for 
subsonic transport designs. The difference in the analysis 
between subsonic and supersonic designs is primarily rn Items 1 
and 2. For first implementation, it mignt be possible to 
substitute Technical Program Element KTS-24 for the statistical 
weight methods in Technical Program Element vfTS-2. 

Block I I I-6. A ugmented Stability and Contro l — Goal : The 

horizontal and vertical tail surfaces are sized and located on 
the airplane in conjunction with a practical eg location and 
range. A flight control system will provide increments in 
maneuver margin that will be required for handling qualities 
with aft cg's located for optimum trim drag. Lateral control 
surfaces are sized and located on the wing. The main landing 
gear location and size is selected. 

Technical Program Elemenx S&C-20 uses both theoretical and 
historical data to enable preliminary vertical and horizontal 
tail sizing to be made within a eg range chosen for minimum trim 
drag at cruise. The horizontal rail is sized to provide both 
control and stability in conjunction with a flight control 
system and SAS that will be synthesized by a combination of 
factored historical data and simplified calculations (FC3-14). 
Control and stability functions, which are effected through the 
all moving horizontal tail, meet airplane pitch control criteria 
and the requirements of the SAS. The vertical tail is sized for 
directional stability criteria and directional control 
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requirements using a conventional rudder surface. Directional 
stability is augmented by a lateral SAS using inputs based on 
Boeing SST experience. 

Lateral controls selected by the program to meet simplified 
roll response criteria are preliminary but adequate to enable a 
provisional wing control surface and flap layout to be 
established. 

The main landing gear location and size is selected 
following the selection of the aft eg limit. 

If the stability and control reguirements are not met, the 
geometry module will be required to resize the stabilizers and 
or control surfaces. These changes are controlled by DCA-h and 
are executed after the test in Block I1I-8. 

Block I II-7 . Scale Weight and B a lanc e — Goal: lo provide 

the necessary output, consistent with the amount of information 
known at this level, to determine if the configuration under 
consideration is acceptable from the standpoints of weight, 
balance and loadability. 

The Technical Program Element which provides this output 
should contain the following analyses: 

1. Statistical OEH weight prediction methods which 

produce a 30 item group weight statement (scaling 
options) , 

2. Statistical OEiJ balance arm prediction methods which 
produce a 30 item horizontal eg statement, 

3. Fuel volume and management calculations, 

4. Passenger, cargo, and fuel loading calculations, 

5. 3-axis mass moment of inertial about the airplane eg 
calculations, 

6. Airplane balance and loadability calculations 

(determined in conjunction with the stability and 
control (Block III-6)). 

The scaling statistical equations are of a form such that 
each group weight item is predicted as a function of a base 
weight and a set of parameters which are normalized to reflect 
changes in the configuration. In this instance, the base 
weights will be those determined by Block III-19. 
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Technical Program Element WTS— 2 contains this analysis for 
subsonic transport designs. The difference in the analysis 
between subsonic and supersonic designs is primarily in Items 1 
and 2. For first implementation, it might be possible to 

substitute Technical Program Element WTS-24 for the statistical 
weights methods in Technical Program Element STS—2. 

Bl o ck III-8. Loadabil it y /OE H Crit e ria bet? — Goal 1: To 

compare'the OEW calculated by the weights analysis (Blocks III- 
5 or ILI-7) and the OEW as sized by the cruise performance 
analysis (Block III-3) and to determine if the difference 
between the OEH‘s are within acceptable limits. If the 

difference is too great, the geometry module (Block 111“'^) 
be reguired to resize the configuration. The required changes 
are computer controlled by BCfi-4. 

Goal 2: To compare the available forward and aft center of 

gravity limits as determined by the staoility and control 
analysis Block III-6 and the required forward and after center 
of gravity balance and loadability limits as determined by the 
weights analysis (Blocks III-5 or III— 7) . If the difference 
between the required and available center of gravity limits is 
too great, tne geometry module (Block III— 2) will be reguired to 
resize the empennage. If the QEW eg position does not result in 
acceptable airplane balance, the geometry module (Block III-2) 
will be reguired to adgust the position of such" items as the 
wing and gear relative to the body. The reguired changes are 
computer controlled by DCA-4. 

B lock III-9 . Calcu l ate Low Speed Performance and 

O bse r ver Statio n Noise — Goal; This activity will calculate 
the takeoff and landing performance of a configuration. 
Observer station noise will be provided. 

The takeoff and landing performance is determined by 
separate Technical Program Elements. However, both are 
supported by a low speed lift and drag module (ABO-8) and by 
thrust and fuel flow modules that utilize either table lookups 
(PBO-b) or thermodynamic cycles (PRO-3 or PBC-4) . The 
propulsion modules are interfaced by the engine installation 
module (PEO-6) . 

Takeoff and climbout performance (PEF-3) are provided by 
integrating simplified equations of motion. The takeoff field 
length is determined for the balanced field situation, and the 
largest flap setting that will meet the FAA minimum climb 
gradient is used. 
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Landing perforaance (PRF-4) is also found by integrating 
the equations of motion. The procedure finds the minimuDi flap 
setting that will meet the FAS 25 climbont reguirements. 

Observer station noise for takeoff, approach and sideline 
is estimated using module FNZ-1. 

Blo ck 111-10. D esign C riteria Met? — The loop that iterates 

to size a configuration begins at Block III-2 ana ends at this 
block. The iteration is necessary to find the values for the 
parameters controlling the configuration size that produces a 
geometry that meets the input reguirements. The order of the 
activities in the loop of Level III will cause the size to be 
established first to do the cruise part of the mission, then the 
takeoff and landing portions. The cycling will oe computer 
controlled by DCA-4. 

Block III-l l. Calc u late Fin anc e. Cost, K arket Suitafail ity- 

-The configuration sizing of the first part of Level III will 
produce performance information of greater reliability than was 
available from Block II-5. Thus, tee’ finance and marketing 
activities of Blocks II-6 and II-7 can be repeated to obtain 
better insight into the product suitability. This requires the 
use of FNC-1, a preliminary design cost model, and HKT-4, -5, -6 
to evaluate the route system application on the market model of 
the configuration under consideration. Market suitability and 
the forecast of sales potential can be updated. 

Big ck III-12. Defin e Structural Concepts S S tructur a 1 

Arrangemen t — Goal: Define the structural concepts and 

materials of the airframe primary structure. Synthesize the 
structural arrangement in detail adequate for preliminary gross 
sizing but consistent with appropriate design criteria. 

Identify the nature of the primary structure for the magor 
airframe components, wing, body, empennage, landing gear and 
nacelles. The materials and structural concepts chosen will 
influence allowable loads and deflections which are determined 
in subsequent network event blocks. 

Integrate the major structural elements into the airframe 
geometry in a manner appropriate for the structural concepts, 
materials used, manufacturing capabilities and other design 
criteria- Spars, ribs, bulkhead, cutouts, frames, stringers, 
keel beam, floor beams, longerons and landing gear support 
structure are located and identified. The arrangement of these 
primary structural elements will provide for an efficient, 
durable, low-cost and most important, safe airframe. Many 
design criteria are involved in this synthesis. In addition to 
those already mentioned, structural continuity, fail safety. 
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fatigue, reduacldnce, fuel rndnagemsut, fuel tank, sealing and 
access, manufacturing capabilities and practices, systems space 
envelopes and certification requirements are some other less 
obvious but important considerations. 

Geometrical considerations will ne based on input Block 
III-2 {calculate geometry) and the output will provide the 
necessary depth for finite element geometry used later in Block 
V-11 . The output of this task will also be compatible with 
computerized drafting practices and requirements. This will 
provide for use of these methods and this data for layout and 
design studies at Levels IV and V ind further, a first oasis for 
computer drawn detail parts at Leval VI (DS&-1, -2, -3, -4 and 
DGL-9) . 


Block I II-I3. Ca lcu l at e W ing, Bo dy, a nd ISmpe n naqe 

Paneli ng L Weign t Dis tribu tion s — Goal; To provide the 
necessary information for initial structural loads and stress 
•inalyses. The required information are of the following types; 


1. Airplane planform and section geometry, 

2. Airplane aerodynamic and structural panel definitions, 

3. A preliroinary estimate of the structural panel 

weights, center of gravities, and inertias. 

When operating witnin the IPAD system, items 2 and 3 will 
be performed by Technical Program Element WTS-25 while item 1 
will be done by Block I1I-2. 

B lock 111-14. Airpl an e Static Lo a ds — Goal: Calculation of 

Load distributions on the major airframe components resulting 
from design conditions {static and gust formulae) and a fatigue 
mission profile. 


Static loads for a supersonic configuration would be 
generated using a panel representation of the airplane. The 
method used is based on i^oodward’s lifting surface method (ARO- 
5) - Matrix methods are used to solve simultaneous linear 
equations for loads, deflections, accelerations and stability 
derivatives. Tne current program (SLO-4) computes unit and 
oalanced load solutions for symmetric maneuvers of a rigid or 
flexible airplane. Integrated panel loads along a user defined 
axis give shear, moment and torsion. 

This program forms the loads module with the AILAS system 
(STR-6) . 
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Flight coadition data Hould be input by a knowledgeable 


user. 


Block III-15. Determine Thermal Effects — Goal: To predict 

the effect of thermal heating on the aircraft’s primary 
structure. 

This estimation will be done by STB-16 for two missions, 
namely the intended design mission and the design mission with 
an emergency descent. The result of the estimation will be the 
temperature history of the aircraft’s primary structure. 

Block II I-16. Size Structure for S trength and Fatiq u e — 

Goal: Preliminary sizing of the primary structure for static 
strength and fatigue {fail-safe design) to establish airplane 
structural weight and elastic response characteristics. 

For the structure defined in III-12, the loads calculated 
in 111-14, and the thermal effects from ITI-15, the primary 
structure is sized for static strength and fatigue. The fatigue 
analysis/sizing estimates ground-air-ground (GAG) cycle stresses 
and GAG damage ratios {STB-5) . For the strength sizing, finite 
element technology (e.g., STE-6) will be applied. Since 
flowtime is extremely important, the finite element model will 
be highly lumped. It is anticipated that the model would have 
300-500 nodes with 750-1250 elements. Where applicable, 
elementary beam theory (STE-3, -4) could be applied for detailed 
sizing consistent with the finite element model detail. The 
resulting sized-beam could be represented in the model as an 
equivalent beam or as a distributed section using offset 
technology or generalized constraints. Using generalized 
constraints would increase the number of nodes significantly, 
but would not necessarily increase the number of active freedoms 
(unknowns) . The finite element model would serve as the basis 
for the stiffness (flexibility) matrices which represent the 
structural elastic response characteristics. 

flaterial properties, structural component allowables. 
Fatigue Seliability Factors, GAG cycle stresses and GAG Damage 
Ratios for locations on aagor components are obtained from the 
Data Base. 

Blo ck III-17. Flexibility Chang e Significan t — Goal : A 

computer or man decision on the significance of the change in 
flex ibility. 

Loads are calculated for a given flexibility, the resulting 
strength designed structure is sized and a new flexibility 
calculated. If the change in flexibility is such that a 
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sign-if icant loads cJiange would result the loads aad sizing 
routines Blocks III-14 and III-16 are repeated. 

If the change is not significant the resulting structure is 
weighed (Block IlT-19) . 

Bloc k 1 11-18 . Staoi lit y 6 Control Check — Goa 1: Tail 

sizing and balance task in Block III-6 is checked using computed 
structural stiffnesses resulting from Blocks III-14, -15 and 
-16. 


S6C-20 program is rerun with computed stiffnesses replacing 
the statistical values. Structur.il flexibility has a major 
influence on SST tail and control sizing. 

B lock I II-1 9. Cal cula te W eight, Balanc e , and Loadabilitv - 

Typ e B — Goal: To calculate Type B weight, nalar.ce and 

loadability for the configuration which has been sized for 
strength and fatigue. 

To accomplish this activity involves Technical Program 
Elements whicn do the following: 

1. Execution of the weights update control module (WTS- 
15) which would re-execute only tncse portions of the 
weights Technical Program Elements whose input had 
changed, 

2. Calculation of wing primary structure mass elements 

rased on finite element analysis {WT3-21) , 

3. Calculation ol nody/einpennagG primaiy structure mass 

elements based or. finite element analysis (WTS-21), 

4. Calculation of wing secondary structure mass elements 

(WTS-7) , 

5. Calculation of body/empennage secondary structure mass 
elements (WTS-8),. 

6. Calculation of landing gear mass elements (WTS-) , 

7. Calculdtron of nacelle and strut, propulsion, fixed 

equipment, and standard and operational mass elements 
(WTS-10) , 

8. Calculation of fuel mass elements (HTS-11) , 

9. Accumulation of mass elements within each structural 

panel and tne calculation of weight, center of 
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gravity, and inertia for each structural panel and for 
the wing, body, and empennage {WTS-12) , 

10. Generation of a weight statement patterned after the 
AN 9102-D format based on the previously calculated 
mass elements (WTS-13) , 

11. Calculation of total airplane mass properties for 
various points on the balance diagram and the 
determination of updated panel mass properties for 
recycling through the structural analyses of Blocks 
III-14 and 111-15 (WTS-14), 

12. Determination of fuel management requirements (HTS- 
26) . 

The Type B weights are suited tor scaling. Data 
communication is similar to figure 4-4 on page 65 . 

M.lock_IIl22^ Panel Hassyine rtia Ch a nge Significant ? — 

Since the loads analyses are sensitive to panel mass properties, 
each time the weights analyses updates the panel's mass, center 
of gravity and inertia, the effect of these changes on the loads 
analyses should be examined. If the panel mass properties 

changes are significant, the loads and the structural analyses 
should be re-executed. 

B lock I 11-21. L oad a bil i t v/ O EW Crit eria Ket? — Goal 1; To 

compare the available OEW calculated by the weights analysis 
(Block 111-19} and the OEW as sized by the cruise performance 
analysis (Block 1II-3) and to determine if the~dif ference 
between the OEH's are within acceprablc limits. If the 
difference is too great, the geometry module (Block III- 2) will 
be required to resize the configuration. The required changes 
are man controlled in the structure sizing part of Level III. 

Goal 2; To compare the available forward and aft center of 
gravity limits, as determined by the stability and control 
analysis (Block III-18) and the required forward and aft center 
of gravity balance and loadability limits, as determined by the 
weights analysis (Block 111-19) . If the difference between the 
required and available center of gravity limits is too great, 
the geometry module (Block III-2) will be required to resize the 
empennage. If the OSH eg position does not result in acceptable 
airplane balance, the geometry module (Block III-2) will be 
required to adjust the position of such items as the wing and 
gear relative to the oody. The required changes are man 

controlled in the structure sizing part of Level III. 
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Blo ck III-22. Ciia n cre Stiff ness? --Goal; «an intervention 

in the analysis process to determine the effects of an arbitrary 
change in aft body stiffness (for a horizontal tail 
configuration, for example) . 

An increase in aft body stiffness is made to the structural 
matrix. Ihe re-cycle through Blocks III-14 to 111-21 will show 
the trade for the improved aiprlane longitudinal control and 
stability characteristics compared with the change in weight and 
balance. 

Block 111" Equations o f Motion — F lutter Option — Goal : 

formulate the aquations of motion for flutter analysis of the 
initial structural sized configurations. 

Equations of motion for flutter analysis of the initial 
structural sized configurations will be formulated (from 
Lagrange's equation) as a second order system of ordinary 
differential equations with the generalized mass and stiffness 
matrices (Blocx EM-5) and generalized forces matrices (Block EM- 
8) , as coefficient matrices. 

Each configuration will be divided into small regions of 
substructures. The system stiffness and mass matrices will be 
derived from those of substructures using a scale-merge-reduce 
operation (Block SFJ.-21) . Substructure stiffness and mass 
matrices will be calculated using finite element methods. 
Thrc'e- dimensional lifting surface theory will be used to 
calculate generalized force matrices for both subsonic and 
supersonic flows. Vioration modes calculated from Block EM-5 
will be used as generalized coordinates. Programs to be used 
are presented in the descriptions of Blocks EM-7, EH-8, and £M- 
9 . 


Blo ck III- 24 . Flutte r Ana lysis- -Goal: Conduct flutter 

evaluation of the initial structure sized configuration. 

A simplified preliminary flutter analysis of the initial 
structural sized configuration will be performed. The flutter 
equations will be solved by either the traditional v-g method 
(SFL-10) , or the classic British method (SFL-11) , or an 

automated scheme (SFL-12) . Flutter results will be hand 
interpreted or monitored on an interactive display by a flutter 
analyst when using programs SFL-10 or SFL-11. However, using 
the program SFL-12, flutter results are calculated 
automatically. Fiutrer sensitivities with respect to the 
placements of engines and external stores and to the fuel 
distributions will be presented. 
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B lock III-25, Flutter criteria Met? — Goal: Determine if 

the flutter criteria have been satisfied. 

This decision is manual. If flutter deficiency exists, 
improvements will be made by changing gecraetry, structural 
arrangement, or stiffness or mass. 

B lock 111-2 6. P ropos e d Fix — Goal: To determine changes of 

configuration geometry, mass, stiffness and structural 
arrangement for flutter clearance. 

The critical flutter conditions identified in Block III-24 
will be analyzed to appraise flutter mechanism using an energy 
display approach (SFL-13) . Parametric flutter trend studies on 
stiffness changes and mass changes for each geometry change (if 
any) coupled with any structural arrangement change will be 
conducted to determine how the flutter deficiencies should be 
removed. Hhen a portion of the structure is to be changed, the 
mass and stiffness matrices of only those substructures affected 
by the change are re-calculated, and re-merged with the 
unchanged substructures {SFL-21) . These trend studies are 
performed through Blocks III-23, JII-24, III-25, III-26. This 
loop is terminated when the desired flutter clearances are 
achieved. 

Block I 11-27 . Geometr y Cha nge? — Goal: Determine if a 

configuration geometry change is required for flutter clearance. 

This decision is manual. Geometry changes in terms of 
modifications to existing main lifting surfaces are +o be 
considered. If geometry changes are required to clear flutter, 
the design flow will go back to the start of Level lll- 

Block I II- 28. Change St ructural Ar ran g ement? — Goal : 

Determine if a structural arrangement change is required for 
flutter clearance. 

This decision is manual. Structural arrangement changes 
will be considered here as a preliminary study of the effect of 
the structural design concept on flutter. 

Block I II-29. Change Sti ffness ? — Goal: Determine if 

structural stiffness change should be made for flutter 

clearance. 

This decision is manual. If the stiffness increase 
(identified in Block III-26) over the strength and fatigue 
sizing is to be made to clear flutter, the required stiffness 
will be provided for Slock III-30. If the answer to the 
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questxon is no. Block III-31 will be executed and any mass 
change for flutter clearance uill be input. 

Block III-30. Update Structural Sizi ng — Goal: To identify 

flutter-prescribed resizing for updating the primary structure 
weight and to establish minimunt size constraints for all further 
strength and fatigue design activities. 

If a stiffness (sizing) increase over the strength and 
fatigue sizing is required to meet the flutter criteria, the 
sizing required is identified and updated. For ail skin and neb 
gage increases, the stiffening material is increased if 
required. Flutter-prescribed sizing will be considered to be 
minimum size constraints in all further strength and fatigue 
sizing activities. 

Block III-31. Update Wei g hts, Balance , and loadab ility 

- Type B — Goal; To calculate Type B weight, balance and 
loadabiiity for the configuration which has been sized for 
strength, fatigue, and flutter. 

To accomplish this involves Technical Program Elements 
which do the following: 

1. Execution of weights update control (STS-15) which 

would re-execute only those portions of the weights 
Technical Program Elements whose input had changed, 

2. Update of wing primary structure mass elements based 

on stress sized slcin/stringer material {HTS-21) , 

3. Update of body/empennage primary structure mass 

elements based on stress sized skin/stringer material 
(HTS-21) , 

4. Update of wing secondary structure mass elements (HTS- 
7 ) , 

5. Update of body/empennage secondary structure mass 

elements (WTS-8) , 

b. Update of fuel mass elements (HTS-11) , 

7. Accumulation of mass elements within each structural 

panel and tne calculation of weight, center of 
gravity, and inertia for each structural panel and for 
the wing, body, and empennage. (HTS-12) , 
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8. Generation of a weight statement patterned after the 
AN 9102-D format based on the previously updated mass 
elements {WTS-13) , 

9. Calculation of total airplane mass properties for 
various points on the balance diagram and the 
determination of updated panel mass properties for 
recycling through the structural analyses (WTS-14) . 

B lock III-32. Calculate Noise - A irpo r t (hoise 

Footpr in ts) : C ruise (S on ic Boom) --Goal: This activity will 

provide noise footprints in the vicinity of the airport and the 
sonic boom overpressure during cruise. 

Noise footprints will be calculated by the noise prediction 
module (PNZ-1) . The footprints will provide perceived noise 
level contours along tne flight path for noth takeoff and 
approach. These contours predict the maximum perceived noise 
levels on the ground. 

The sonic boom overpressures will ne calculated at required 
points along tne flight path. These overpressures may require 
modification fo the flight profile. The process of calculating 
the overpressure is presented on figure 4.7. The first activity 
IS to input the intented atmospheric model into module AfiO-14. 
This will determine the propagation characteristics of sonic 
booms in the model atmosphere, and will provide tables of 
scaling factors and aging constants for module AfiO-13. This 
branch need be executed only when a new atmosphere model is to 
be used. 

The sonic boom calculation is determined by volume and lift 
effects. Nodule ARO-9 determines the volume inputs and module 
ARO-10 determines the lift inputs to module AEO-13, which will 
produce pressure signatures and bcom width information. 

Block_III;:;33i Summarize Performance. Finance, Cost. 

and b a nket S uitability — At this point, the design sizing of 
Level III will have been completed. It will be useful to 
collect the most recent technical information about the 

configuration and summarize the performance and cost. From 
there, the market suitability will be investigated. The 

performance summary will be done by PRF-5, finance and cost 
consideration by FNC-1, and the market suitability by I1KT-4, -5, 
* 6 . 


The utilization, maintenance and dispatch reliability will 
be assessed. Probable route structures, aircraft fleets, 
airport facilities, operational and environmental factors are 
used by BEL-1 and -4, Additional inputs to these are ground 
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service equipment and airplane interactions as well as 
maintenance time data produced by EEL-6 to -13 and -15 to —40. 
Also included is a determination of the capability to change an 
engine within a time interval compatible with the planned 
utilization. This is a manual review. 

Block III-34. Configuration Acceptable — Goa 1: Man 

decision based on a review of the effects of the primary 
structure definition on the performance, noise levels, cost and 
market suitability of the final airplane configuration analyzed 
in Level IJI. Blocks III-32 and III-33 provide data for this 
review . 

B lock II I- 35. Mo dify Configuration or Mission — There are 

two options from a negative result in Block III-34, The 
designer may elect to retain the design mission and criteria and 
return to the beginning of Level III to resize, using different 
sizing rules or the designer may return the design sequence to 
Level II to evaluate the effects of an alternate design mission. 


4.3. 3.4 Level IV - Configuration Eefinement 

The goal ot Level IV is to refine a configuration by 
applying more advanced analysis methods to the design. 
Competing configurations may be evaluated based on Level II and 
Level III data provided that sufficient configuration similarity 
exists to insure that consistent analysis techniques have been 
used. Therefore, only the best configuration of each type will 
be selected for configuration refinement in Level IV. 

Bloc k IV-1_. Develop Level IV Input s — The design and 

analysis activities of Level III have enriched the data base 
about the configuration. These new data, as well as criteria 
and constraints from Level II, will be put into forms suitable 
for the Level IV analysis methods. This action will be 
supported primarily by the data base manager. Additionally, 
user inputs and information from the data base not previously 
required will pe established. This activity is shown 
symbolically at the head of Level IV, but due to the interactive 
nature of Level IV, the data preparation activity may be done 
selectively throughout Level IV. 

Bl ock IV - 2. Suit a bl e 5&C ti i nd Tunne l Data A v aila Ple — Goal : 

Determine availability of stability and control aerodynamic data 
adequate to build a data base for analyses. In particular 
determine availability of high angle of attack wind tunnel data 
essential for accurate tail sizing. 
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This is initially a man decision to search available data 
files. In time this decision can he made by the computer when 
a comprehensive SST data library exists. The importance of high 
angle of attack data for horizontal tail sizing is based on 
Boeing experience in SST design. 

Block iV-3. stability and Control Wind Tunnel Data — Goal : 

Mind tunnel data on a configuration similar to the design under 
study is required to enable an assessment to be made of subsonic 
speed pitch requirements and the sizing of the longitudinal 
control surfaces. High angle of attack wind tunnel data at. 
suDsonic speeds are particularly necessary, based on Boeing 
experience, since theoretical predictions are not accurate (at 
the present time) . 

Obvious sources of data will be sought from NASA and 
industry wind tunnel tests. Actual wind tunnel testing may be 
undertaken using existing wind tunnel models similar to the 
design configuration. 

Bl ock IV-4. Stanilit Y and Control Dat a Preparation -- Goal: 

Analysis of the configuration sized in Level III and modified by 
wind tunnel data in Block IV-2 and IV-3 to provide a data bank 
of preliminary stability and control static and dynamic 
aerodynamics. Data will be available for future flight control 
system and stability and control analyses. 

Data preparation is performed in two separate Technical 
Program Elements each consisting of two functional parts, S&C- 
21 calculates oasic longitudinal static aerodynamic stability 
derivatives and control effects using aerodynamic estimates 
(automated where practical) with aeroelastic corrections from 
Level III analyses (Blocks Ill-lh, III-16, III-26). Program 
S&C-22 uses the data of S5C-21 and estimates the longitudinal 
dynamic derivatives. The total output of SSC-21 and -22 is now 
available (along with mass and inertia characteristics) to have 
dynamic and control analyses performed. The lateral and 
directional axes are studied separately from the longitudinal 
axis; S&C-23 computes the static derivatives, S6C-24 computes 
the dynamic derivatives. The total output of both programs is 
now available (along with mass and inertia characteristics) to 
have dynamic and control analyses performed. 

All program elements have optional inputs; 

1. Aerodynamic estimating sub-routine can be bypassed by 
inputting actual wind tunnel data. 
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2, Aeroelastic data can be changed or modified at any 
stage from initial estimates to current configuration 
calculated values. 

Blgck_IV:25i Flight Contro l System Synthesis S An alysis, 

aigid Bo dy Hod es and QSE — Goal: Flight control system gains 

and compensation filters are selected- The flight control 

system design is necessary to provide reguired airplane handling 
qualities. Components of the flight control system are sized 
for weight considerations. 

The flight control system work for an SST is similar to tut 
more critical than the corresponding work on a subsonic 
transport. Flexibility and dynamic pressures are more 

significant for an SST than a subsonic. The greater range of 
the flight envelop‘d (subsonic, transonic, and supersonic) 
requires an involved gain scheduler. An SST generally relies 
more heavily upon a stability augmentation system than would a 
subsonic transport. However, the same computational methods may 
be used for either project. 

Optimal control theory (PCS-3, FCS^6, and FCS-7) is used to 
automate the parameter sizing process for each flight condixion. 
The generalized inverse technique (FCS-4 or FCS-5) is used to 
force parameter compromises necessary for satisfying the flight 
control system over the entire flight envelope. The resulting 
control system is analyzed fox stability margins by use of 
classical linear controls analysis techniques (loot locus. Bode, 
etc. , FCS-1 or FCS-2) . The preceding programs (FCS-1 and FCS-2) 
perform dynamic response checks to evaluate the compliance with 
airplane handling qualities criteria. Revisions to the flight 
control system design may be mandated by the stability and 
control analysis Block IV-6 and the piloted simulator study of 
Block IV-7. 

Another computer program development (FCS-12) is required 
to size flight control system hardware for a weights assessment. 

The equations of motion for this level consist of rigid 
body modes with static aeroelastic corrections (FCS-11) insread 
of the more costly elastic mode representation. The gains and 
compensation would be tempered to anticipate elastic mode 
problems - 

The entire flight control system synthesis process is 
automatic at this design level. However, a knowledgeable user 
LS required to intervene if problems develop during on-line 
operation. 
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B lock IVr6» Sta bility S Control Analysis: Static and 

Dyna mxc — Goal: Airplane analyses made to establish resizing 

of control surfaces and stabilizing surfaces for satisfactory 
handling qualities. Stability and control aerodynamic data from 
Block IV-4 is used in conjunction with the current flight 
control system analyzed in Block IV— 5. A digital analysis 
measures the airplane dynamic response and control response 
characteristics. Flight simulation is undertaken in IV-7 to 
establish pilot’s ratings and correlation with handling 

qualities criteria. Single analyses check airplane control 

surface capability for specific requirements such as low speed 
pitch control, directional control for engine failure and 
lateral control for roil response. 


The technical program element (FCS-1) is usea for the 
airplane response characteristics and control effects; man 
intervention is required to analyze these results with the view 
of adjusting the airplane geometry to provide improved handling 
qualities. 


Technical Program Elements S&C-7, -8, -9, -10 and -11 
perform specific tasks to assess control surface capability for 
the following requirements: 


Takeoff rotation 
Landing flare 
Minimum control speed. 
Minimum control speed. 


ground 

air 


( pitch control for 
low speed performance 

! directional contioi for 
low speed performance 


aoll response criteria 


■lateral control 


Bl ock IV -7 . Piloted Flight S i mulati on — G oa 1 : simulation 

of the airplane flying qualities to establish feasibility of 
control surface and empennage sizing of Level III and checked by 
the dynamic analyses of Block IV-6, 


The computerized pilot evaluation is contained in the 
Tecnnical Program Element S6C-18. The actual piloted simulation 
IS described by S&C-19. These programs will use the basic 
airplane characteristics from Block IV-4 and the" flight control 
system synthesized in Block IV-5. The response of the airplane 
due to control inputs, gusts, and failures will be measured and 
rated by the simulation against established criteria. 

Slock I V-8. Update We igh t s - Type B — Goal: To update the 

weights based on minor changes to the configuration in order to 
achieve acceptable stability and control. These changes are of 
a minor nature in that they do not result in a geometry change 
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which would affect the entire design, but instead they would 
primarily affect the weight. An example might be to change from 
a single hinged rudder to a double hinged rudder. 

To account for these changes, the following weights 
Technical Program Elements would be used: 

1. For purposes of increasing the accuracy and decreasing 
the computational time required to perform the weights 
analysis, it would be desirable to develop a weights 
Technical Program Element (WTS-15) which would re- 
execute only those portions of the weights programs 
whose input had changed, 

2. Update of the wing secondary structure mass elements 
(WT3-7) , 

3. Update of tne body/empennage secondary structure mass 
elements {WTS-8) , 

4. Update of the fixed equipment mass elements (MTS-IO) , 

5. Generation of a weight statement patterned after the 
AN 9102-D format based on the previously calculated 
mass elements (WTS-13) 

B lock IV- 9. Geometry Change — Goal: Determine if a change 

in flight control surface or tail stabilizing surface size, 
location or deflection is required. 

This decision is manual and human judgment will be 

required. Trades of improved stability or control to meet 

handling qualities criteria in Block I?-10 will decide if large 
or small geometry changes are necessary. 

B lock IV- IO. S&C Acce ptable — Goal: Determine if the 

stability and control handling qualities of Block iv-6 and IV-7 
are adequate and establish configuration changes to make trades 
if required. 

This decision is manual and human judgment will be 

exercised in the interpretation of handling qualities criteria. 
Configuration trades established in Block lV-7 will help make 
this decision. 

B lock IV-11 . Start Wind Tu n nel Model? — Goal: Decision to 

be made about starting the design of a cruise shape wind tunnel 
model for testing in Level V. 
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This is a man decision influenced ty confidence gained in 
the aerodynamic and stability and control design analyses 
performed in Blocks IIT-3, III-33 and IV-6. Bind tunnel model 
construction requires up to 3 Bonths design lead time, hence, an 
intelligent decision can shorten the time to deifelop a 
configuration design in Level V. This decision is considered 
each time this point in the network is passed. 

B lock l v-12 . Size Actuators — Goal: Airplane weight 

estimates made in Level III include statistical weights for the 
flight control actuation system. Actuators and hydraulic power 
requirements are sized individually in Level IV on a preliminary 
basis using theoretical aerodynamic hinge moments, to improve 
the airplane weight estimation and provide information for 
hydraulic power requirements, reliability and redundancy 
analysis, flight control system synthesis and analysis, flutter, 
and physical space requirements. 

fiigid control surface hinge moment coefficients for all 
control surfaces are either estimafed from theory or from past 
experimental data and corrected by estimated aeroelastic 
effects. Technical Program Elements S&C— 15 and —16 perform the 
computations. FCS-17 orovides nydraulic system requirements for 
redundancy and reliability. 

Block IY-13. Actuator C h ance Sig n if leant — Goal: Update 

the description of the flight control actuation used in the 
flight control system synthesis and analysis in Block IV-5 and 
piloted flight simulation in Block IV-7. 

This change is maaudl and human judgment will be exercised 
in deciding the need to update the stability and control and 
flight control system analyses. 

B lock 17-14. Reliability a n d Redun dancy Analysis — 

Goal (1) : To establish the reliability and redundancy of the 
aircraft and its systems. 

The flight control system- is examined by FCS-17. 
Previously assumed levels of redundancy are compared with 
selected criteria to assure that selected control systems and 
supporting systems are adequate. 

Goal (2) : To establish safety requirements and 
ailoca tions. 

Ground and flight safety must be considered in design and 
evaluation. Inflight safety is a function of the man/machine 
performing in the overall operational environment. Requirements 
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and allocations for inflight safety are developed from 
historical data and the projected design mission profile. 

Ground safety is affected by the aerospace vehicle itself 
and its operation and interface with ground operations 
equipment, personnel and facilities. Safety allocations and 
requirements evolve from consideration of these factors, and 
historical safety problems in relation to the projected ground 
operations. 

Development of safety design reguirements and allocations 
IS a manual function. 

Goal < 3) : To establish reliability and maintainability 
requirements and allocations. 

Both inflight and dispatch reliability must be considered 
in design evaluation. Inflight reliability is mainly a function 
of inherent reliability of the airplane equipment. Requirements 
and allocations for inflight reliability are developed from 
historical data and the projected design mission profile. 

Dispatch reliability is affected by available ground time, 
capability to defer and perform maintenance required to dispatch 
in the time available, as well as the inherert reliability of 
the aerospace system equipment. Both reliability and 
maintainability requirements and allocations evolve from 
consideration of these factors and history in relation to the 
projected design mission profile. 

Development of reliability and maintainability design 
reguirements and allocations is a manual function, supported by 
HEL-6 to -13, REL-15 to -40 and HEL-42. 

Goal (4) : To evaluate failure mode effects and determine 
needed corrective action. This analysis focuses on reliability, 
maintainability and safety problems and serves as a starting 
point for quantitative system reliability and safety analyses. 

The effect of failure of all identified functions and 
components is determined within tne system for each failure 
mode. Means of recognizing the failure and compensatory 
provisions and procedures are identified. Order of probability 
of occurrence of the event is assessed. 

Performance of the failure mode effect analysis is manual. 
Output IS a tabulation by function or component of factors 
associated with its failure modes. 
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Goal (5) : To identify fault hazards associated with 
operation of the system and thexr safeguards. 

ft fault hazard analysis is a tahuiatxon of all hazards 
identified with operation of the system through each phase of 
operation. Function, component, operator failures and 
combinations of failures causing the hazard are identified. 
Order of probability for each combination is assessed. 
Compensatory provisions and procedures are identified. 

Performance of the fault hazard analysis is manual. Output 
is a tabulation by hazard of factors associated with its 
occurrence. The analysis is supported by BEL-6 to -13, REL-15 
to -40 and HEL-42. 

Goal (6) : To assess relative merits of the flight control 
system design trade studies and to assess the overall system 
from the standpoint of safety and reliability. 

Flight safety and redundancy studies of the flight control 
system in all flight phases and design conditions are studied. 
Fault tree (EEL-5) analysis is used for overall airplane flight 
safety assessment of the control system. 

Kedundancy studies within the flight control subsystems are 
performed with the COBRA (REL-3) , the ABHH (REL-2) and CTS (REL- 
14 and -41) programs- 

B lock IV-15. ECS Criteria He t?--Goal: Determine if the 

flight control system criteria has been satisfied. 

This decision is manual, and human judgment may be 
exercised in the interpretation of the criteria. If definite 
control system difficulties are present in the design, the IPAD 
process is stopped, and a review is held. 

Block IV-16. Tec hnical R evie w t o Determi^ Action — Goal; 

Determine required action; further control system refinements, 
moaification of criteria, modification of airplane, or 
modification of flight envelope. 

These decisions will generally be a committee function 
outside of the IPAD system. 

Block IY - 17 . Upd at e Prop u lsion Syst em Design — Goal; 

Update all propulsion system data to show the effects of the 
Propulsion Installation Analysis (Block IV-17a) - 

All propulsion and noise data will be updated tc concur 
with the currant propulsion system configuration per Block IV- 
17a. 
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Block lV-17a. Propulsion Installation Analysi s — Goal : 
Analyze and refine the installed propulsion system in a parallel 
effort to the IPAD mainstream. 

All Propulsion and Noise disciplines will be involved in 
the analysis and refinement of the installed propulsion system. 
This effort will involve such areas as inlets, nozzles and 
thrust reversers, acoustic treatment, airbleed and horsepower 
extraction requirements, accessory equipment, as well as the 
bare engine components (compressor, turbine, etc.). The elfort 
may require the use of propulsion and noise modules PEO-i, -2, 
-3, -4, -5, -6 and PNZ-1. 

B lock IV-18. Instal l ed Th ru s t/SFC Change Significant? — 

Goal: To evaluate the change in the installed tnrust or 
specific fuel consumption. 

The performance and sizing calculations of Level III 
assumed an installation penalty to thrust and SIC based on 
historical or empirical values. While the Level III and Level 
IV analyses were conducted, outside activity has been carried 
out to establish by analysis and tests more accurate values for 
the installed thrust and SFC. If these values axe significantly 
different than the ones assumed in the sizing activities, then 
the design must be returned to Level III to be resized. 

Block IV-I9 . Size Fuel Management Sys tem — Goal: This 

activity will calculate the fuel transfer rate required by the 
fuel management system to manage the travel of the airplane 
center of gravity. 

Before the fuel management system can be sized, module PfiF- 
2 will calculate the deceleration of the airplane due to 
critical engine failure. The appropriate drag modules (ABO-5, 
-6, -7, -9 to -12), thrust modules (PRO-3 to -6), and weight and 
balance modules (WTS-7 to -15, -26) will support this 
calculation. From this, the required fuel transfer rate to 
correspond with the aerodynamic center of pressure movement can 
bo determined. The fuel management system will be checked 
against this fuel transfer rate and resized if necessary. 

Blo ck IY-2Q. Regui r ements E xceed L imit s? — Goal : to 

determine if the fuel transfer system is within acceptable 
limits. 

The fuel system to maintain critical travel of the center 
of gravity has been sized by Block IV-]9. If the pump sizes and 
power requirements and the fuel line diameters are acceptable, 
then the design process will proceed. 
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Blo ck IV-21. Technical Review to Deterajpe Action — Goal : 

To determine how to reconfigure a geometry with an excessive 
critical engine-out longitudinal center of gravity travel. 

If tte fuel system transfer rate to match the center of 
gravity travel is excessive, this constitutes a very serious 
configuration deficiency. A technical review is held to assess 
the situation and to recommend the configuration revision most 
likely to solve the problem. Part of that recommendation will 
be instructions as to the next part of the design sequence to be 
executed. 

Blo ck IV- 22 . Systems Des ign — Goal (1) : To define system 

concepts and sizing criteria in sufficient detail to insure that 
design requirements are identified and to provide sizing 
information for weight and balance estimating. 

P light Control Syst em — Schematic diagrams are developed for 
each control system using data developed by FCS-12, -15, -I? and 
STM-2, -3, -4. Critical mechanical elements such as control 
mixers and feedback concepts are identified and design criteria 
are established. Actuator sizing and redundancy criteria are 
developed by network Blocks lV-12 and IV-14 and the actuators 
are sized by FCS-15. 

L anding Gear — Schematic diagrams are developed for the 
brake system and the steering system. Sizing criteria for the 
brakes, wheels, tires and steering are developed (STM-14, -15, 
and -18) . 


• H ydraulic s — A schematic diagram is de^veloped for the 
hydraulic system. Load analysis inputs are used to determine 
fluid flow requirements, to establish distribution paths and to 
size pumps. Load balancing and component sizing trades are 
conducted (STH-2, -3 and -4) . Critical hydraulic system items 
are identified and design criteria are established. 

A uxiliary Power Unit (APD) — A load schedule is determined 
for shaft power and air flow (STH-8) . Critical considerations 
such as capability for inflight starting are identified and 
design criteria are established. 

E nvironme n tal Control System (ECS) — Schematic diagrams are 

developed for the ECS system and the pneumatic control and 
distribution system. Propulsion and APU interfaces are 
established. Load analysis inputs are used to determine 
requirements for heating and cooling cycles {STM-10, -11 and 
-12} . Critical considerations such as temperature pulldown 
capability on a hot day are identified and design criteria are 
establ ished. 


190 



E lectrical Power System — A sctematic diagraoD is developed 
for the electrical power system. Load analysis inputs are used 
to determine power generation requirements (STM-20). System 

arrangement trade studies provide initial optimization of 
equipment relationships (STH-21) . Critical considerations such 
as loads which require source redundancy are evaluated and 
design criteria are established. 

A vionic s — Mission profile data is used to determina 
requirements for avionic subsystems: navigation, flight 

instruments, communication, weather radar, utility and advisory 
equipment. Electrical and cooling loads are determined {STM- 
13) . Critical considerations such as Category Ilia landing 
capability and requirements for antenna locations are evaluated 
and design criteria are established. 

Fuel S ys tem — Schematic diagrams are developed for the 

following fuel subsystems: refuel, fuel vent and surge, and 
engine fuel feed. Flow rates, refuel time, etc., are used to 
establish, line sizes (STM-26, -27, -28, -29, and -30) . Critical 
considerations such as pressure constraints, valve failure 
cases, wing deflections, and quantity gauging requirements are 
identified and design criteria are established. 

Goal (2) : Comparative evaluation of design trade study 

configurations and assessment of configurations against tne 
reliability, maintainability and safety requirements and 
alloca tions. 

Fault tree simulation (3EL-5) , computerized Boolean 

reliability analysis (REL-3) , automatic reliability mathematical 
modeling {REL-2) , and CTS (REL-14 and -41) aie used tor studies 
at this level. Program selection is dependent on problem and 
system complexity and comparative factor selected for 

evaluation. 

B lock IV- 2 3. U pd a te Heig h ts - lifie B ( Ron -S tru c tural) — 

Goal: To calculate updated mass properties for the non- 

structural items which have changed since the analysis which was 
made by Block 111-19 was performed. The primary changes will be 
to the propulsion groups (Block IV-17) and the systems groups 
(Block IV-22) . 

To accomplish this activity the following Technical Program 
Elements a ret involved: 

1. For purposes of increasing the accuracy and decreasing 
the computational time reguireu to perform the weights 
analysis, it could be desirable to develop a weights 
Technical Program Element (HT3-15) which would rs- 
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execute only those portions of the weights programs 
whose input had changed, 

2. Update of landing gear mass elements (WTS-9) , 

3. Update of nacelle and strut, propulsion, fixed 
equipment, and standard and operational mass elements 

(Wrs- 10 ) , 

4. Update of fuel mass elements {WTS-11) , 

5. Accumulation of mass elements within each structural 
panel and the calculation of weight, center of 
gravity, and inertia for each structural panel and for 
the wing, body, and empennage (WTS-12) , 

b. Generation of a weight statement patterned after the 
AS 9102-D format based on the previously calculated 
mass elements (WIS-13) , 

7. Calculation of total airplane mass properties tor the 
various points on the balance diagram and the 
determination of updated panel mass properties tox the 
structural analysis in Blocks lV-20 and IV- 21 (WTS- 
14) . 

Bl ock I V-24 « En te re d at H? — This is a computer decision. 

At this position in the design cycle a neea to repeat Blocks IV- 
26 through IV-63 is not required. 

Blo ck lV-25 . s tabrlrtv D e ri v ati ves Cha ng e Sign ific an t? — 

Goal: Decision to repeat the analysis for eguaticns“of‘ motion, 

dynamic loads, structural analysis, static loaas, weights 

update, flutter analysis and flight control system in Flocks IV- 
48 through IV-64. 

This IS a man decision based on the change in the stability 
and control derivatives, evaluated in the data preparation Block 
IV-4, due to improved aeroelastic corrections obtained during 
the first pass through Level iv. A significant change in these 
flexible airplane derivatives will necessitate a recycle of the 
tasks luentified above. 

Block I V-2 6. fti££lMe-_Static_Lqads — Goal: Calculation of 

load distribution on the major airframe components resulting 
from desigxi conditions (static and gust formulae) and a fatigue 
mission profile. 

Static loads for a supersonic configuration would be 
generated using a panel r>^presentat ] on ox the airplane. The 
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method used is based on Woodward’s lifting surface method. 
Matrix methods are used to solve simultaneous linear equations 
for loads, deflections, accelerations and stability derivatives. 
The current program (SLO-4) computes unit and balanced load 
solutions for symmetric maneuvers of a rigid or flexible 
airplane. Integrated panel loads along a user defined axis give 
shear, moment and torsion. 

This program forms the loads module within the ATLAS system 
(STU-6) . 

Flight condition data would be input oy a knowledgeable 

user . 


Any requirements for loads on secondary structure would be 
met by hand calculations based on data from a similar past 
configuration. 

b lock IV-27 . De termine Th ermal Effects — Goal: To predict 

the effect of thermal heating on the aircraft's primary 
structure. 

This estimation will be done by STE-15 for two missions, 
namely the intended design mission and the design mission with 
an emergency descent. The result of the estimation will be the 
temperature history of the aircraft's primary structure. 

Block IV-2 B . Size Str uc tur e f or Streng th and Fatigu e — 

Goal: Preliminary detailed sizing of the primary structure for 
strength and fatigue {fail-safe design) to improve estimates of 
airframe structural weigats and elastic response 
characterist ics. 

For the structural arrangement and structural concepts 
defined in Blocks III-12 or III-26, the sizing established in 
Block III-16, the loads calculated in IV-26 and the thermal 
effects from IV-27, the primary structure is sized tor strength 
and fatigue. The strength sizing will be based on finite 
element technology (e.g., STE-6) . Approximately twice the 
detail of the Block III-16 sizing is envisaged tor Block IV-28. 
Thus, the model would have 600-1000 nodes with 1500-2500 
elements. Where applicable, elementary beam theory (STR-3, -4) 
would be applied for detailed sizing consistent with the finite 
element model detail. The resultant sizing could be x'epresented 
in the model as an equivalent beam or as a distributed section 
using offset technology or generalized constraints. Using 
generalized constraints would increase the number of nodes 
significantly, but would not necessarily increase the number of 
active freedoms (unknowns) . The finite element model is also 
the basis for the fatigue sizing (STR-5) . 
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Material properties, structural component allowables. 
Fatigue Reliability Factors and Detail Fatigue Ratings for magor 
component structure are obtained from the Data Base. 

Block IV229^ Fl ex ib ility Chang e Significant ? — Goal : A 

computer or man decision on the significance of the change in 
flexibility. 

Loads are calculated for a given flexibility, the resulting 
strength designed structure is sited and a new flexibility 
calculated. If the change in flexibility is such that a 
significaiit loads cnango would result the loads and sizing 
Blocks 17-26 and IV-28 are repeated. 

If the change is not significant the resulting structure is 
weighed (Block IV-30) . 

B lock lV- 30. Up date Prima ry Str ucture Heights — Goal : To 

update the primary structuie weight based on the refined 
skin/stringer material sizes supplied by the stress analysis in 
Block IV-28, and present the results in the form of a weight 
statement in order that the structural concepts can be 
eval ua ted. 

To accomplish this activity involves Technical Picgram 
Elements which do the following: 

1. Execution of the weignts update control (WTS-15) which 
would re-executf only those portions of the weights 
Technical Program Elements whose input had changed, 

2. Update of wing primary structure mass elements based 
on stress sized skin/stringer material (i*TS-21), 

3. Update of body/impennage primary .structure mass 

elements based on stress sized skin/st ringer material 
(WTS-21) , 

h. update of wing secondary structure mass elements (5iTS- 

la) , 

5. Update of body/empennage secondary structure mass 

elements (WTS-19) , 

6- Generation of a weight statement patterned after the 
AN 9102-D format based on the previously updated mass 
elements (WTS-13) . 
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B lock IV-3 I. Struct Ural Coa c ept s Sa t isfactor y? — Go al : 

Provide for investigation of alternate structural concepts and 
arrangements. 

Review the structural concepts and arrangements identified 
in Block III-12 and sized in Block IV-28 for possible areas of 
improved efficiency. Saould the design be judged adequate work 
would commence at Block IV— 32. Should a more optimum design be 
required, it would be identified in Block IV-31a. 

This decision is manual and heavily influenced by judgment 
relative to producibiiity and risk. 

Slock_I V-^a_j R edefi n e Structural Concept an d 

Arra ng ements — Goal: To optimize structural concepts and 

arrangements. 

Alternate structural concepts and arrangements would be 
investigated for those areas identified as candidates for 
improved structural efficiency in Block. IV-31. Sizing for 
strength and fatigue (Block IV-28) of the original concepts and 
arrangements (Block 111-12} has provided a baseline for trade 
studies of possible alternate designs. 

Input data from DSA-1, -2, -3, and -4 would be modified 
using the interactive design tool of BSA-5. All of the 
considerations of Block III-12 will be involved in a process 
heavily influenced by manual judgment in the interactive 
process. STR-3, -4 and -5 would provide structural sizing data 
upon which this judgment would be based. The modified concepts 
and arrangements would then be resized in Block lv-28 to provide 
a new baseline airframe structure (DSA-1, -2, -3, -4, and -5, 

DGL-7 and -9). 

B lock IV-J2 . D pdaxe Weig ht, Balan ce and Loadab ilit y 

- Type C — Goal: To calculate Type C weigat, balance, and 

ioadability for the configuration which has been sized for 

strength and fatigue. The primary structure weights are based 

on stress sized skin/stringer material. 

Host of the Technical Program fiements required to support 
this activity were executed in Blocks IV-23 and IV— 30. The 
additional Technical Program Elements required would be: 

1. Execution of weights update control (WTS-15) , 

2. Update of fuel mass elements (HTS-11) , 

3. Accumulation of mass elements within each structural 

panel and the calculation of weight, center of 
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gravity, and inartia for “ach structural panel and for 
the wing, body, and empennage (WTS-12) , 

4. Generation of a weight statement patterned after the 
AH 9102-D format based on the previously updated mass 
elements (HTS-11) , 

5, Opdate of total airplane mass properties for various 
points on the balance diagram and update of panel mass 
properties for recycling through the structural 
analyses {^JTS-14) . 

]3lock_l V^3 Pa nel jass/I ne rtia C h an ge Sigrificant? — Go al : 

Since the loads analyses are sensitive to panel mass properties, 
each time the weights analyses updates the panel's mass, center 
of gravity and inertia, +he effect of these changes on the loads 
analyses saould be examined. If the panel mass properties 
changes are significant, the loads and the structural analyses 
should be re-executed. 

Block IV- 34 . L oad i bill ty /OS W Crit eri a Ke t? — Goal 1; To 

compare the OEW wnich is calculated by the weights analysis 

(Block IV-31) and ttie required OES as sized by the cruise 
performance analysis (Block III-3) and to determine if the 

difference between tne OEW's are within acceptable limits. If 

the difference is too great, the geometry module (Block I1I-2) 
will be required to resize the configuration. The required 
changes are man controlled in Level IV. 

Goal 2: To compare the available forward and aft center of 

gravity limits as determined by the stability and control 
analysis (Block IV-6) and the required forward and aft center of 
gravity balance and loadabiiity limits as determined by the 
weights analysis (Block lv-32) . If the difference between the 
required and available center of gravity limits is too great, 
the geometry module (Blocs III-2) will be required to resize the 
empennage. If tae OEvJ eg position does not result in acceptable 
airplane balance, the geometry module (Block III-2) will be 
required xo adjust the position of such items as the wing and 
gear relative to the body. The required changes are man 

controlled in Level IV. 

Block I V-35. Euu dti on of Motion - Flu tter Option — Goal: 

Formulate equations of motion for flutter analysis of refined 
configurations. 

Activity here is basically the same as design network Block 
111-23. However, more refined stiffness, mass and vibration 
information will be available as input. 
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B lo ck_ I V- 3 6^ Propo sed F latter Supp r es s ion Sy s tem — Goal; 

A. flutter suppression control system is synthesized for the 
purpose of increasing the flutter speed. 

The procedure for selecting gains and filters is similar to 
the procedure described in Block. IV-5. Thus, the optimal 

control theory programs (FCS-3, FCS-b, and FCS-7) and the 
generalized inverse technique (FCS-4 or FCS-5) will be used as 
an aid to parameter sizing. However, the criteria and the 
emphasis ot elastic modes make this block differ from Block IV- 
5. The strategy is to increase the flatter speed as much as 
possible without introducing stability problems. Sensor 

location and control surface size and location are critical 
considerations. Dae to these complexities, manual intervention 
is required in the synthesis process. In particular, classical 
controls methods of FCS-1 or FCS-2 will be used for the majority 
of the synthesis efforx, Note that FCS-1 requires a development 
of Nyquist and Bode techniques for accommodatiny the frequency 
dependent (complex coefficient) flutter matrices. 

The equations of motion formed for the flatter analysis 
(Block IV-35) can also be used for the flutter suppression 
system work. However, equations of motion based upon quasi- 
steady aerodynamics combined with the Wagner function may also 
be used. This latter set will be used for cost considerations. 

Block IV-37. Propose d Fix — Goal: Determine changes on 

configuration geometry, mass, or stiffness for flutter 
clearance. 

The critical flutter conditions identified in design 
network Block IV-38 will be analyzed to appraise flutter 
mechanism using an energy display approach (SFL-13). parametric 
flutter trend studies on stiffness changes, mass changes for 
each geometry change (if any) will be conducted to determine how 
the flutter deficiencies should be removed. When a portion of 
the structure is to be changed, tiie mass and stiffness matrices 
of only those substructures affected by the change are 
recalculated, and merged with the unchanged substructures (SFL- 
21) . These trend studies are performed through the design 
network Blocks IV-35, IV-38, IV-39, and IV-37. This loop is 
terminated when the desired flutter clearances ere achieved. 

Block IV-38. Flutt er Ana lys is — Goal: Evaluate flutter 

bounddries of the refined configurations. 

Flutter bounddries of the refined configurations will be 
determined over the flight envelope by the same solution methods 
used in design network Block III-24. 
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Block IV-39. Flut ter Criteria Ket? — Goal: Determine x£ 

the flutter criteria have been satisfied. 

This decision is manual. If flutter deficiency exists, 
improvements will be made by: 1) geometry, mass, or stiffness 
change; 2) active flatter suppression system. A decision will 
be made whether 1) or 2) or both should be used to satisfy 
flutter requirements. 

Blo ck IY- 4Q. Geome try Change ? — Goal: Determine if a 

configuration change is required for flutter clearance. 

This decision is manual. Geometry changes in terms of 
modifications to existing main lifting surfaces, control 
surfaces or addition of new control surfaces may be the resulrs 
of the design network Blocks IV-36 and IV-37. If the geometry 
change is required to clear flutter, the design flow will return 
to the start of Level III. 

Bl ock 1 7-41. Us e Flutte r Suppressi on System? — Goal: 

Decide whether or not to use an active flutter suppression 
sysiem. 

The flutter suppression system synthesis is described in 
Block 17-36. The decision is manual and involves considerations 
of benefits, risk, cost, complexity, and weight- 

Block 17-4 2. Up d ate FC5 — Goal: Resize the flight control 

components for weight considerations. 

The additional components required for the flutter 
suppression system will be estimated. A computer program 
development is required {FCS-12) . 

Bloc K 1 7-43 . Change St i ffness? — Goal: Determine if 

structural stiffness change should be made fot flutter 

clearance. 

This decision is manual. If the stiffness increase 
(identified in the design network Block IV-37) over the strength 
and fatigue sizing is to be made to clear flutter, the required 
stiffness will be provided for desiqn network Block 17-44. If 
the answer to the question is no, design network block 17-45 
will be executed and any mass change required for flutter 
clearance will be input, only when it was identified in Block 
IV-37. 

Bloc k IV-44. U p da te S t ruc tu ral Si z in g. Goal: To identify 

flutter- prescribed resizing for updating the primary structure 
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weight and to estafalisa miaiaium size constraints for all further 
strength and fatigue design activities. 

If a stiffness (sizing) increase over the strength and 
fatigue sizing xs reguxred to meet the flutter criteria, the 

sizing required is identified and updated. For all skin and web 

gage increases, the stxffenxng material will be compared to the 

minimuQ allowable stiffening material and increased if required. 
Flutter-prescribed sizing will be considered to be inirimum size 
coustcaints in all further strength and fatigue sizing 

activities . 

Blo ck I Y -45 . Update We ights. Balance, and Xoadabil ity 

— T ype C — Goal: To calculate Type C weight, balance, and 

loadability for the configuration which has been sized for 
strength, fatigue and flutter. 

To accomplish this involves Technical Program Elements 
which do the following: 

1. Execution of weights update control (WTS-lb) which 
would re-execute only those portions of the weights 
Technical Program Elements whose input had changed, 

2. Update of wing primary structure mass elements based 
on stress sized skin/stringer material (HTS-21) , 

3. Update of body/empennage primary structure mass 

elements based on stress sized skin/stringei tnatenial 
(HTS-21) , 

4. Update of wing secondary structure mass elements (HTS- 
18) , 

5. Update of body/empennage secondary structure mass 

elements (HTS-19) , 

6- Update of fuel mass elements (HTS-il) , 

7. Accumulation of mass elements within each structural 
panel and the calculation of weight, center of 
gravity, and inertia for each structural panel and for 
the wing, Dody, and empennage (HTS-12) , 

8. Generation of a weight statement patterned after the 

AN 9102-D format based on the previously updated mass 
elements (WTS-13) , 

9. Calculation of total airplane mass properties for 

various points on the balance diagram and the 
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detaraination of updated panel mass properties for 
recycling through the structural analyses (WTS-14) . 

There will he no updating of the flight control system 
weights until the effects of the flight control system changes 
can be reflected in the other airplane systems analyses (Block 
IV-22) . Therefore the flight control system weights will be 
updated in Block IV-23. 

Block IV -46. Loa dability/ O EW Crite r ia Ket? — Goal 1: To 

compare the 0E» which is calculated by the weights analysis 
(BlocK IV-45) and the required OEW as sized by the mission 
analysis (Block III- 3) and to determine if the difference 
between the OEW’s are within acceptable limits. If the 
difference is too great, the geometry module (Block 111-2} will 
be required to resize the configuration. The required changes 
are man controlled in Level IV. 

Goal 2: To compare the available forward and aft center of 
gravity limits as determined by the stability and control 
analysis (Block IV-6} and the required forward and aft center of 
gravity balance and loadability limits as determined by the 
weights analysis (Block IV-45) . If the difference between the 
required and available center of gravity limits is too great, 
tao geometry module (Blocs III-2) will be required to resize the 
empennage. If the OEff eg position does not result in acceptable 
airplane balance, the geometry module (Block III-2) will be 
required to adjust the position of such items as the wing and 
gear relative to the body. The required changes are man 
controlled in Level IV. 

Bl oc k lV-47 . En tered H From J? — This is a computer 

decision. The decision in Block lV-60 to do flutter analysis 
requires a recycle through equations of motion (Block IV-35) and 
subsequent events (Blocks IV-38 through IV-46) but no recycle of 
events (Blocks IV-48 through IV-60) which arc primarily updated 
analyses . 

B lock IV-48. E quatio ns o f Motion — Goal: To establish the 

equations of motion prior to investigating the aynamic loads and 
ride quality. 

The unaugraented guasi-steady equations of motion generated 
in Block EM-il are a sot of theoretical equations with 
experimental corrections incorporated into them to more 
realistically represent the actual airplane. This block will 
incorporate the SAS system into the equations of motion using 
Technical Program Element SDL-2. The flight conditions for 
which the equations of motion are to be generated will be 
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manually selected to be adequate for the Dynamic Loads Block IV- 

149. 


Block 17- 4 9. Dynamic Loads and Hide Quality lyalua^on — 

Goal: The purpose of this element as to provide design loads to 
saze the structure of xhe airplane. However, the many facets in 
providing these loads requires the skill of experienced 
dynamists. 

To provide design flight gust loads, it is necessary to 
pick poxnts on the flight envelope in terms of altitude, speed, 
payload, and fuel loading which may produce the maximum dynamic 
loads on any selected location of the aircraft. The first step 
is to check the stability (SDL-3) of the equations of motion 
(Block IV-48) . Then, the equations of motion and load equations 
generated from data of Block EM-10 must be analyzed by a 
discrete gust analysis (SDL-6) , a statistical PSD gust analysis 
(SDL-4) using the design envelope approach, and a statistical 
gust analysis for a typical mission profile using programs SDL- 
4 and SDL-5. Fatigue sizing of the aircraft also requires a 
mission profile gust analysis which generally has a lighter 
payload than in tne design envelope analysis. The mission 
profile is an average payload and fuel distribution that would 
be experienced during an average mission that the airplane is 
designed for. The design envelope and discrete gust approach 
uses extreme loadings that are possible to obtain the highest 
loads on the airplane. The gust profile considered must be both 
a vertical and a lateral gust considered independent of each 
other. 


The ride qualities should be evaluated at this time in 
terms of lateral and vertical accelerations along the body. 
Until an absolute criteria is developed, the ride qualities 
would have to be compared quantitatively with existing aircraft. 

The design ground loads would be caluclated with a dynamic 
math model simulating both a landing impact and a taxi analysis 
(SDL-7) on various measured runways around the world. The ride 
qualities uuring taxi would also be evaluated at this time. 

Sleek IV ^0,; Determine Thermal Effect s — Goal: To predict 

the effect of thermal heating on the aircraft’s primary 
structure. 

This estimation will be done by STR-18 for two missions, 
namely the intended design mission and the design mission with 
an emergency descent. The result of the estimation will be the 
temperature history of the aircraft's primary structure. 
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B lock IV-5 1 . St r actural Analysis for S trength and ya-tiaue - 
-Goal: To determiae tue margins-of-saf ety (strength and 
fatigue) of the previously sized detail structural elements for 
the dynamic load conditions of Block lV-49. 

For the primary structural sizing established in Block IV- 
28 and as updated by Block IV-44 for flutter, stress analyses 
are perrormed for the dynamic load conoitions of lV-49. The 
capability to perform analysis only (without resizing) to obtain 
margins-of-saf ety is inherent in STfi-3, 4, 5, 6, etc. 
Therefore, analysis, rather than design, is used to obtain the 
computational cost savings available when no negative margins- 
of~sarety exist for the dynamic load conditions and, when the 
flexibility and weignt changes, if any, since the last static 
loads calculation (Block IV-28) are too small to produce a 
significant change in the static loads. It should be noted that 
the cost of an analysis is estimated as ono-third, oi less, that 
of a design sizing, Further, there should be very tew dynamic 
load conditions compared to the number of static load 
conditio ns . 

B lock I V-52. Negati ve H argins- o£- Sa fe ty? — Goal: Computer 

decision to determine if the dynamic load conditions are 
critical for any of the previously sized detail structural 
elements . 

Block X V-5 3. A irplan e Stat ic Lo ads — Goal: Calculation of 

load distributions on the major airframe components resulting 
from design conditions (static and gust formulae) and a fatigue 
mission profile. 

Static loads for a supersonic configuration would be 
generated using a panel representation of the airplane. The 
method used is based on Woodward's lifting surface method. 
Matrix methods are used to solve simultaneous linear equations 
for loads, deflections, accelerations and stability derivatives. 
The current program (SLO-4) computes unit and balanced load 
solutions for symmetric maneuvers of a rigid cc flexible 
airplane. Integrated pan-jl loads along a user defined axis give 
shear, moment and torsion. 

This program forms the loads module within the ATIAS system 
(STR-fa) . 

Flight condition data would be input by a knowledgeable 

user , 


Any leguirements for loads on secondary structure would be 
met by nand calculations based on data from a similar past 
configuration. 
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B lock IV-‘54. Determi n e Theraaal Effects — Goal: To predict 

the effect of thermal heating on the aiicraxt's primary 
struct are. 

This estimation will be done by STR-15 for two missions, 
namely the intended design mission and the design mission with 
an emergency descent. The result of the estimation will be the 
temperature history of the aircraft's primary structure. 

Block 17- 5 5 . Structural Sizing for Str e ngth and Fatigue — 

Goal: To modify the preliminary detailed sizing of the primary 

structure for strength and fatigue (fail-safe design) for 
critical dynamic load conditions and revised static loads 
resulting from structural flexibility changes. 

Using the structural definition (geometry and sizing) 
established in Block. 17-28, with the sizing as updated by Block 
17-44, the primary structure is resized lor strength and fatigue 
tor fail-safe design (STR-J, -4, -5, -6, etc.). Static load 
condition data and the corresponding thermal effects from Blocks 
IV-58 and 17-54, respectively, are used in conjunction with the 
dynamic load condition data (Block IV-49) and the corresponding 
thermal effects (Block 17-50) for the resizing. The sizing 
activities performed parallel those of Block 17-28. 

B lock IV -56 . F loxib ili ty Cha nge S ig n ificant — Goal : A 

computer or man decision on the significance of the change in 
flexibility. 

Loads are calculated for a given flexibility, the resulting 
strength designed structure is sized and a new flexibility 
calculated. If the change in flexibility is such that a 
significant loads change would result the loads sizing routines 
(Blocks IV-53 and 17-55) are repeated. 

If the change is not significant the resulting structure is 
weighed (Block 17-57) . 

Blo c k 17-57.* Upda te W eight s , Ba lan ce, and 

Load abilit y - Type C — Goal: To calculate Type C weight, 

balance, and loadability for the configuration which has been 
sized for strength, fatigue, flutter, and dynamic loads. 

To accomplish this involves Technical Program Elements 
which do the following: 

1. Execution of weights update control (WTS-15) which 
would re-execute only those portions of the weights 
Technical Program Elements whose input had changed. 
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2. Update of wing primary structure mass elements based 
on stress sized skin/stringer material (HTS-21) , 

3. Update of body/empennage primary structure mass 

elements based on stress sized skin/str iiiqer material 
(STS-21) , 

4. Update of wing secondary structure mass elements (HTS- 
18) , 

5. Update of body/empennage secondary structure mass 

eiements (WTS-19) , 

b. Update of fuel mass elements (kTS-ll) , 

7. Accumulation of mass elements within each structural 
panel and the calculation of weight, centei of 
gravity, and inertia for each structural panel and lor 
the wing, body, and empennage (WTS-12) , 

8. Generation of a weight statement patterned after the 

AN 9102-D format based on the previously updated mass 
elements (WTS-13) . 

9. Calculation of total airplane mass properties for 

various points on the balance diagram and the 

determination of updated panel mass properties fox 
recycling through the structural analyses (WTS-14) . 

There will be no updating or the flight control system 
weights until the effects of the flight control system changes 
can be reflected in the other airplane systems analyses (Block 
IV-22) . Therefore the flight control system weights will he 
upaated in Block 17-23. 

block 17-5 8^ £anel Kass/Int ertia change Sig nificant? — 

Since the loads analyses are sensitive to panel mass properties, 
each time the weights analyses updates the panel’s mass, center 
of gravity, and inertia, the effect of these changes on the 
loads analyses should be examined. if tne panel mass properties 
changes are significant, the loads and the structural analyses 
should be examined. 


Block I V-59 . Loada faility/ OBH Cr iteria_Het? — Goal 1: To 

compare the OEW which is calculated by the weights analysis 
Block IV— 57 and the required OE'rf as sized by the cruise 
performance analysis (Block Eli— 3) and to determine if the 
difference between the OEW's are within acceptable limits. If 
the difference is too great, the geometry module (Block Iir-2) 
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will be reguired to resize the configuration. The required 
changes are man controlled in level IV- 

Goal 2: To compare the available forward and aft center of 

gravity limits as determined by the stability and control 
analysis (Block IV-6) and the requirea forward and aft center of 
gravity balance and loadability limits as determined by the 
weights analysis (Block IV-57) . If the difference between the 
reguired and available center of gravity limits is too great, 
the geometry module (Block 111^2) will be required to resize the 
empennage. If the OEW eg position does not result in acceptable 
airplane balance, the geometry module (Block III-2) will be 
reguired to adjust the position of the wing and gear relative to 
the body. The reguired changes axe man controlled in Level IV- 

B lock IV-60. Do Flutt er A nalysis? — Goal: Determine if 

further flutter analysis is reguired. 

Manual decision is made to determine if further flutter 
analysis should be performed to ensure the proper flutter free 
performance of the newly derived configuration with strength 
design in which dynamic loads and ride quality effects are 
included. 

If the answer to the question is yes, the design flow will 
go back to design network Block IV-35. Otherwise, the 
configuration will be ready for flight control system synthesis 
and analysis (through design network Blocks lV-62 and IV-63) . 

B lock IV- 61 . Start Transonic Flutte r Hind Tunnel 

Model? — Goal: Determine if design of transonic wind — 

tunnel flutter model should start. 

Manual decision will be made here to determine tne start of 
transonic wind tunnel flutter model design. Due mainly to the 
uncertainties of the theoretically predicted unsteady airloads 
at transonic, high subsonic, and low supersonic regimes, a 
transonic wind tunnel flutter model testing program is always 
required- Once the go ahead decision is made, the design of the 
model will begin in Blocks V-11 and V-12. The start of model 
design at this event will provide some lead time before a go 
ahead in Level Vj 
\ 

B lock lV-62 . Eq uations o f Motion - Quasi-S t ead y Opti on — 

Goal: Develop the equations of motion to be used for flight 

control system work. 

The equations of motion consist of the rigid body modes and 
about 10 elastic modes. Two basic sets of data are produced, 
namely longitudinal axis equations and the labetai-directional 
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axes equations, Approxxmately 10 operating points axe required 
to cover the flight envelope. Quasi-steady aerodynaaxcs are 
suffxcient for the flight controls problem. Estimates of 
control surface and actuator dynamics sill be adequate at this 
stage in the design process. 

B lock: IY-63. Flight Control Syste m Synthes is and 
Anal y sis -- Elastic Body Modes — Goal: Re-examine the flight 

control system usxng elastic body inodes and modxfy the control 
system as needed. 

The previous handling qualities control system work (Block 
rv-5) is performed using simplified rigid body equations of 
motion. Although elastic modes were not used in Block 17-5, the 
statxc aeroelastic effects were simulated and the gains and 
compensatxon networks were tempered to anticipate higher 
frequency dynamics. It is anticipated that flight control 
system modifications will be minor. If the flight control 
system crxteria is not satxsfied due to presence of elastic 
modes, the situation will be examined after the end of the Level 
IV computational activxty. The decision will then be whether to 
press for more control system refinements or to modify the 
airplane or flight envelope. 

Block IV-49 evaluated the ride quality of the axrplane. If 
ride improvement is required, a rxde quality stability 
augmentation system (RQSA3) wxll be developed at this point. 

Computational activity will be similar to Block IV-5. 
Technical Program Elements FCS-1 through FCS-7 may be required. 
As is the case with the tlutter suppression system synthesxs 
(Block 17-36) , the elastic modes will require more manual 
intervention and more empnasis of classical controls techniques 
(PCS-i or FCS-2) . The flight control system hardware will be 
resized by use of FCS-12. 

Bloc k 17- 6 iii Do Dynami c Loads An al ysis? — Goal: Han 

decision to determine whether any significant changes in weight, 
flexibility, and flight control system synthesis have been made 
to the system from Blocks IV-50 to lV-63 which would affect 
dynamic loads. 

Block IV-65. (1) Han uf a c turinq Revi ew — Goal: To provide 

Operations with design concepts to the extent that company 
resources can be reviewed and the preliminary Manufacturing Plan 
prepared. 

Operations must initiate program planning in conjunction 
with the product technical definition. Based on itemized work 
statements, the initial Make-or-Buy and Manufacturing Plans are 
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developed. Concurrently, available in-house resources are 
reviewed for compatibility in time and suxtability, 

(2) Establish Plans and Schedules — Goal: To provide 

Operations, Marketing and Finance with initial plans and 

schedulxng xnformation. 

Inxtial planning will include estimates of the engineering 
release schedule, the configuration verification test plan and 
the manufacturing schedule. 

( 3) I dentif y Long Le ad I tems — Critical long lead items 

such as engines, forgings, etc., will be identified and 

procurement criteria will be established. 

B lock I V-66 . Su mmar ize Perfo r man ce — The design refinement 

of Level IV has been completed. The performance will be 
summarized by use of PHF-5, finance and cost considerations by 
FNC-1, and the market suitability will be predicted by MKT-4, 
-5, -6. The effect of schedules on cost will also be assessed 

by FHC-2, -3, -4. 

The marketing analyses will be supported by an evaluation 
of the total system in the operational environment within the 
level of definition available. 

Simulation model REL-1 and EEL-4, will evaluate 
interactions, magor influences, controlling parameters, special 
features and characteristics affecting utilization dispatch 
reliability, maintenance and logistics facilities and costs- 
variablcs such as fleet size, route structure, scheduled flight 
time, and ground time are allowed to assess each change in 
configuration or design and to evaluate strengths and weaknesses 
of each airplane in operational environments. 

Block IV-67. W ill Engine be Rvailable fo r Product? — Goal: 

Determine if the engine availability schedule is compatible with 
the airframe manufacturing and delivery schedule. 

This decision will be manual and will determine if the 
airframe manufacturing and delivery schedule allows sufficient 
lead time for the engine development. 

Blo ck IY-68. Technica l Revi e w to Deter mi ne Next Act ion — 

Goal: Determine next action if the .engine availability test 

(IV-67) IS negative. 

This management level review will be to decide on further 
action should the current airframe schedule allow insufficient 
lead time for engine development. 
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Block IV-69« Copf iguration Acceptable? — Goal: This is a 

®an decision based on a review of all tasks undertaken in Level 
IV. To be acceptable means that no reason is found to hinder 
progress of the design to Level V. 

B lock IV-70. Stop Wind Tunnel Hodel — Goal: In the event 

that the configuration review in Block IV-69 is found to be 
unacceptable then the design of the cruise shape wind tunnel 
model and transonic flutter model should stop. 

B lock IV-71. Start Wi n d Tun n el Hodel ? — Goal: This event 

is a man decision to start the design of the cruise shape wind 
tunnel model and transonic flutter model, if not already in 
work. The decision is influenced by a management review to 
commit the IPAD configuration design cycle into Level V. 

block IV-72 . Wi n d Tunnel Model Sta r ted? — Goal: This event 

is a man decision to check if the design of the wind tunnel 
models have commenced. 

i Modify Configuration or Mission — There are 

two options from a negative result in Block IV-69. The designer 
may elect to retain the design mission and criteria and rerurn 
to the beginning of Level III to resize using different sizing 
rules or the designer may return the design sequence to Level II 
to evaluate the effects of an alternate design mission. 

Block IV-74 . Technical Revi e w to Determine Next Acti on — 

Goal: This event is a review of the total airplane design by a 

technical review committee to assist the management decision on 
the next course of action. 


4.3. 3. 5 Level V - Configuration Verification 

The goal of Level V is to verify candidate configurations 
so that selection among them and the commitment of product go- 
ahead can be made with the minimum risk piacticable. These 
verifications will be achieved fay tests and analysis. Tests 
will include wind tunnel models, selected system and structural 
concepts' and propulsion systems. The design and analysis will 
be aone as rigorously as possible, with preliminary detail part 
design wherever needed to develop confidence in the overall 
design. 

B lock V-1 . M odify Wind Tunn e l Hodel? --Man decision as to 

whether cnangas in the design of the wind tunnel cruise shape 
model are required. 
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B lock V-2« Modify W in d Tunnel aodel --Goal : Modification 

to design and construction of the wind tunnel cruise shape 
model. 


In order to achieve early wind tunnel test dates, the model 
drawings and definitions for Level V testing are released early 
in Level IV. There will usually be some modification to these 
early model lines as a result of further analysis in Level IV. 
This activity represents the updating of the wind tunnel model 
definitions to represent all of the Level IV results. 

Block_V 3 ^ Cruis e Wind Tunnel M odel Configurati on 

Des i gn — Goal: To design the various configurations to be 

tested for cruise drag, stability and control characteristics 
and tfing-faody airloads. 

The wing-body design will use modules ARO-b, -9, -11, -15, 
-16, -18, -19. These will provide for optimum camber design, 
body contouring and favorable nacelle interference. The nacelle 
design will be aided by ARO-11. The geometries will be lofted 
using the geometry control system GCS (OGL-2 and BGL-3) , which 
provides numerical control data for the components to be 
fabricated by the numerical control processes. 

B lock V-4. Fabricate Cruise Model and Begin Stab i lity 

and Co ntrol Mo del — Goal: To construct the cruise shape 

wind tunnel model designed in Block V-3 and tc commence 
construction ot a second cruise model designed with control 
surfaces for stability and control testing. 

The fabrication of these models will utilize Numerical 
Control processes. The control tapes for these machines will be 
produced from contour information contained in the IPAD data 
bank (DGL-2, -3). 

Blo ck V-5 . N i n d_T u n nel Te st C ruise Model — Goal: Obtain 

wind tunnel data on first cruise shape wind tunnel moael. 

Test at planned cruise speeds for performance lift and drag 
data. Obtain longitudinal stability and control data with 
longitudinal pitch control surfaces (the only control surfaces 
on the model). Obtain yawed data for lateral-directional 
stability characteristics. Obtain wing-body pressure data for 
airloads analysis. 

B lock yz§. 2 . Analy ze — Goal: Analyze cruise drag, stability 

and control data, and wing-body airloads. 

Cruise performance, calculated from data of wind tunnel 
test Block V-5 IS compared with estimated performance in Level 
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IV analyses {Blocl?; XV-66) . Changes in configuration design will 
be identified from this comparison. The airplane performance 
will be calculated using measured drag data (PSF-2, -3, -4) . 

Cruise configuration longitudinal stability and control 
characteristics and lateral-directional stability 
characteristics are compared with estimates made for the 
configuration in level IV data preparaticn (Block IV-4) and 
analyzed in Blocks IV-5, -6 and -7. 

The stability and control data are analyzed using the same 
Technical Program Elements FCS-1, SSC-7, SlC-8, S&C-9, SSC-10, 
S6C-11 that were used in the analysis (Block IV-6) and Elements 
56C-18, SSC-19 that were used in the piloted flight simulation 
(Block IV-7). The wind tunnel data are for the cruise 
configuration and only longitudinal stability and control and 
lateral directional stability data are evaluated. 

The analyses and simulation performed will be compared with 
those in Level VI (Blocks IV-6 and IV-7) to evaluate the changes 
reguirea for the configuration with use of more accurate wind 
tunnel data. 

The wing-body airloads will bo entered into the data bank 
tor use in the analysis tasKs of Level V. 

B lock V -7. Conf igurat ion Acceptabl e — Goal: Determine if 

the cruise performance and stability and control analyses 
performed in Block V-6 are acceptable for the airplane and 
establish configuration changes to make trades if required. 

These decisions are manual and human judgment” will be 
exercised. 

B loc k V -8. Technical Revie w to Action — 

Goal: Determine degree of unacceptabiiity of configuration from 
Block V-7 and establish whether configuration changes can be 
made to produce an acceptable condition. 

The decision of a technical committee is required. Data 
from analyses of Block V— 6 will be reviewed. 

Bl ock V-9 . D evelop Le v el V I n pu ts — The analysis and design 

methods to be used in Level V will be the most powerful 
available in eacn technical discipline. These will be executed 
as sepaxate jobs, but will coordinate and transfer data between 
gobs through the data base management facilities of the IPAD 
system. Thus Block V-9 develop inputs occurs many times 
throughout Level V. It is shown here to indicate that each 
execution will collect user inputs, technology data base inputs. 
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additions to the data base resulting from test data, and outputs 
from Level IV, and use ail of these as sources for information 
for subsequent analysis, design and testing. 

Bl ock y-lO. Design/ Ana lyses — Goal: To do the design and 

analysis activities required to support the configuration 
verification process, and to begin the design of long lead time 
items. 

In Level V this activity is too broad in scope to be 
meaningfully put into a design network. Instead, selected 
technical disciplines have summarized the scope of activities 
they intend to do in this Level.- The Level IV network 
activities may be repeated but limited to a portion of the 
airplane in greater detail. 

The design of long lead time items will begin in Level V 
and will be continued into Level VI. Examples include engine 
and nacelle integration, critical forgings (main landing gear 
shock sxrut, flap track beams), and control system mixers and 
electronics. 


A erod vnamic s/ Perf ormance — All of the design and analysis 
elements available within aerodynamics will be used at this 
level. AEO-4 to -6, -9 to -12, -15 to -20 will be used for 
detailed wing, body, empennage, nacelle and pylon design and 
analysis for both wind tunnel models and for the prototypes. 
ABO-13 and -14 will keep track of the sonic boom characteristics 
of the configuration. 

Performance calculations will be required to support 
configuration modifications. PKF-2, -3, -4 and -5 will use test 
data and estimates to make these calculations. 

C omputerize d Space/A r rang e aent M ockup — Goal: To reserve 

locations for items of fixed equipment which have been 
identified during the preliminary design and to evaluate the 
adequacy of raceways for routing system services. 

The airplane interior volume is divided into a matrix. 
Space envelopes are defined which represent the major 
compartments such as flight crew, passengers, cargo, electronics 
bay, control surfaces, propulsion, fuel tanks, landing gear, 
auxiliary power unit, etc. Also, smaller space envelopes are 
defined which represent fixed equipment such as actuators, 
pumps, filters, heat exchangers, oxygen cylinders, etc. 
Raceways are defined which provide for routing control cables, 
wiring, ducting, tubing, etc. (DCA-3) . 
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D ynamic Loads — All of the dynamic loads analyses performed 
in level IV will~be repeated in level V using the same theories 
and programs but with refined input data as it becomes 
available. 

Input data is refined by employing wind tunnel data, flight 
test data, and ground vibration test data corrections to the 
theoretical data. Tne quality of the analysis is improved by 
increasing the number of elastic modes and employing residual 
stiffness in the analysis in conjunction with the refined data. 

In addition, many smaller design problems will be solved as 
the need arises. These problems are difficult to predict in 
advance but will be of the type such as changing nacelle 
flexibility to lower wing-nacelle attachment loads. 

Fl i ght Control Sys tem Sy nth esis a nd Analysis — Goal : To 

refine and expand definition of flight control system. To 
perform response calculations to ascertain compliance with the 
criteria. Complete definition of flight control system 
mechanization and redundancy concepts. To analyze failure modes 
and effects. Perform control surface actuator stability 
analysis. Evaluate candidate hardware. 

The flignt control system will be updated to reflect data 
changes. The control system developed for Block IV-5 most 
provide acceptable airplane nandling qualitites. Analysis of 
the ride improvement and Hotter suppression control systems 
which may have been identified in Blocks IV-63 and IV-36 
respectively will be continued. The autopilot and autoland 
design concepts will be finalized. Computer programs FCS-1 
through FCS-7 will receive use similar to their use in^Block IV- 
5. However, classical control techniques (FCS-1 or FCS-2) will 
be emphasized more heavily to permit a finer tuning of the gains 
and filters. Mechanization, redundancy, and failure studies 
will require nonlinear solutions afforded by FCS-8, FCS-9, or 
FCS-iO. Nonlinoarities may also be studied by use of the 
simulation described in S5C-19. 

Equations of motion used for this event will consist of 
both the rigid body set (FCS-li) and the elastic mode set (see 
equations of motion network) . 

F light Simul ator Eva lu atio n — Goal: To provide a simulation 
of the airplane in flight. 

The simulation will model the six degrees of freedom 
nonlinear dynamics, pertinent vibration modes, flight control 
system, hydraulic system, propulsion system, pilot's controls, 
and pilot's displays. For piloted operation, the simulation 
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will be operated at real tine. The cab will be fixed based (as 
opposed to moving base) for this design level. 

Nonlinear time responses will be produced for control 
inputs, gusts, and failures. A particularly important result of 
the simulator study is the pilot rating of the airplane’s 
handling qualities. However, due to the inclusion of many 
technical disciplines in the simulation, the simulator acts as 
an analytical systems integration tool. 

The flight simulator for this level will be an off-line 
device such as the EAI-B400. Software for providing the 
simulation are in existence. However, the computer programs are 
generally tailored for a particular airplane. 

Flutt er — Goal: Perform flutter analysis on the 
configurations updated by static wind tunnel model tests. 

Wind tunnel testing of the cruise configuration and low 
speed configuration models may result in changes on wing 
airloads, tail size, and empennage control surface size. 
Flutter analysis using the same procedure and computer programs 
{SFL-3 through SFl-21) in level IV will be carried out on these 
updated configurations to ascertain compliance with the flutter 
requirements. Important structural detail information on; 1) 
main structure cut-outs, 2) stiffness of major structure 
junctions, 3) mounting stiffness of localized masses, and 4) 
contr.ol surface stiffness and the corresponding updated mass 
distribution will be available as input to the flutter analysis. 
Measured sectional lift curve slopes and aerodynamic center 
locations from the static wind tunnel model test data will be 
incorporated when applicable in unsteady airloads predictions. 
Control surface flutter and panel flutter analyses (SFL-20, -22 
and established design criteria) are performed. Failure 
conditions will be identified and analyzed to ensure compliance 
witn the flutter criteria. 

Plan s an d Schedules — Goal: To provide Operations, 

Marketing and Finance with plans and scheduling information. 

Update the Block IV-65 estimates of the engineering release 
schedule, the configuration verification test plan and the 
manufacturing schedule. Continue identification of critical 
long lead items such as engines, forgings, etc., and procurement 
criteria, HaKe initial estimate of the Level VI product 
development test plans, engineering manpower plan, and 
integrated engineering schedule for time dependent relationships 
Detween technical tasks. In addition, the Level VII product 
verification test plan is initiated. 
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ORIGINAL PAGE I& 
OP POOR QUALITY 


P roduct Assuranc e: 

1. System Failure Mode Effect Analysis — Goal; The 
objective of the failure mode effect analysis is to reveal 
design inadeguaci^s and to identify where corrective action is 
needed. This analysis focuses attention on potential 
reliability, maintainaniiity and safety problems and serves as 
a starting point for quantitive system x'eiiability and safety 
analyses . 

Ihe analysis determines the effect of failure of identified 
functions and components within the system for each failure 
mode. Means of recognizing the failure and compensatory 
provisions and procedures ar<:: identified. Order of probability 
of occurrence of the event is assessed. Output of the analysis 
is a tabulation by function or component of factors associated 
with its failure modes. 

2. System Fault Hazard Analysis — Goal: The objective of 
the fault hazard analysis is to identify all hazards associated 
with operation of the system and their safeguards. 

A tault hazard analysis is a ■'-abulation of the hazards 
identified with operations of the system through each phase of 
operation. Function, component, or operator failures causing 
the hazard are identified. Order of probability for each 
combination of hazard producing events is assessed. 
Compensatory provisions and procedures are identified. 

3. System Design Reiiability/Saf ety Analyses — Goal; 
Assessment of system design configuration against the 
reliaDility and safety requirements and allocations. 

Fault tree simulation (HEL-5) , computerized Boolean 
reliability analysis (REL-3) automatic relianility mathematical 
modeling (fiJSL— 2} , and CTS (EEL-14 and 41) are used tor stuaies 
at tnis level. Program selection is dependent on problem and 
system complexity and comparative factor selected for 
evaluation . 

4. Flight Control System Eeliability/Safety Analysis — 
Goal; To assess the overall system from the standpoint of 
reliability and safety. 

Flight safety and reliability in all flight phases and 
design conditions are srudied. Fault tree (HFL-5) analysis is 
used tor overall airplane flight safety assessment of the 
control system. 
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Reliability studies within the flight control subsystems 
are performed with the COBRA (REl-3) , the ARHII (REL-2) and CTS 
(REl-14 and 41) Programs, 

5. Major Component Specification Control Drawing 
Reliability, Haintainability, Safety Requirements — Goal: To 
assure reliability, maintainability, and safety requirements for 
functions and components are realized in the actual hardware. 

Reliability, maintainability and safety requirements and 
allocations, established in Level 17 and used in all assessment 
analyses, are defined in the specification control drawings for 
ail hardware. Contribution to overall system unreliability of 
major items is assessed as these component detail designs are 
developed. Manual calculations, CIS (REL-14 and 41) and COBRA 
(REL-3) are primarily used for these component assessments. 

6. System Design Maintainability Analyses — Goal: 
Assessment of system design configuration against the 
maintainability requirements and allocations. 

This assessment is manual- It supports the 
Reliability/Saf ety analyses of Block V-il. Accessibility will 
be studied and optimized through use of the computerized space 
arrangement mockup. 

7. Airplane System Reliability and Maintainability 
Evaluation — Goal; An evaluation of the total system in the 
operational environment to the level of definition available. 

Simulation model (REL-1 or REL-4) will evaluate 
interactions, major influences, controlling parameters, special 
features and characteristics affecting utilization, dispatch 
reliability, maintenance and logistics facilities and costs. 

Variables such as fleet size, route structure, schedules, 
flight time, and ground time are altered to assess each cnange 
in design and to evaluate strengths and weaknesses of each 
airplane in operational environments. 

8. Engine Change Capability--Goal: To determine 
capability of engine change within a time interval compatible 
with planned utilization. 

All engine installations are assessed with regard to access 
for both handling equipment and personnel. Disposition of 
cowling, associated and intervening airplane structure, engine 
buildup (EBU) requirements and compatibility with existing GSE 
are considered. 
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P roducxbilitv Keview — Goal: To assure that the design 

decisions are commensurate with cost effectxve fabrication and 
assembly practices. 

Producibility rs a prxme consideration durxng the design 
solution phase. Affirmation by Operations personnel xs 
essentxal before drawings are released. Thxs actxvity is 
xnxtxated as soon as the design solution is selected. 

The Computer Aided Design support group verifies that the 
aerodynamic wing which xs defined in the Geometry Control System 
{DGl-2) can be redefined in the Master Dimensions System (DGL-4) 
within the specified tolerance. 

Pro pulsio n — Goal: Perform detailed design and analysis of 
the propulsion system. 

A detailed design and analysis will be performed on all 
major components of the propulsion system to verify the 
propulsion system conliq urat ion. The network Block TV-17a 
activities are continued and will include furthe.r definition of 
the nacelle mounting structure, systems interface, inlet and 
nozzle integration with acoustic materials and thrust reverser, 
mechanical function integration, etc. 

Stabi l ity and C on trol — Goal: To update the stability and 
control aerodynamics data with applicable wind tunnel data, to 
update the aeroelastic effects, to update the stability and 
control analyses to show adeguacy of control effectiveness, and 
to analyze the control system aerodynamics for all combinations 
of surface actions including gearing relationships, interference 
effects, engine failure effects, nydraulic system failures, 
mechanical failures. 

Technical Program Elements sec-21, -22, ~ 23 , -24 for data 
preparation (Block IV-4) are utilized. Aeroelastic correction 
factors are updated with loads and structural analyses performed 
in Level IV (Blocks IV-53, IV-55) . 

Analyses of control effectiveness (S&C-7, -8, -9, -10, -11) 
are updated. These analyses will provide a basic understanding 
of the configuration with wind tunnel data support. The 
aeroelastic correction data will be updated during recurring 
passes through this level from loads and structural analyses in 
Block tV-10. A rnage of flight conditions covering the flight 
envelope will be studied on the flight simulator for constraints 
and problem areas that must be identified and. incorporated in 
the design before project go-ahead in Level VI is commenced. 
The piloted simulation will consider the current flight control 
system. Pilot’s flight displays and controllers will be 
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representative of those planned for the airplane. The simulator 
tests will also review the applicability of design criteria 
related to flying qualities and develop improvements where 
requir ed- 

S ta ti c Load s — Static load for a supersonic configuration 
would be computed to meet the requirements of the appropriate 
certification authority and any additional Boeing criteria. The 
methods used would be extensions of those used in lower Levels 
with improved and more extensive input data. Additional 
Technical Program Elements would be developed as specific needs 
arise and it is unlikely that they would bear a marked 
similarity to any modules available today. For this reason no 
descriptions are presented. 

Structura l Design — Goal: Provide optimum feasible design 
solutions for all ma^or structural components {wing, body, 
empennage, nacelles and landing gear) , and integrate these 
components together will all other airplane sytems. 

The design of each component and the major structural 
joints which attach it to the rest of the airframe will be 
defined in detail sufficient to preclude the possibility of 
serious deficiencies later in the program. The depth of detail 
studied will be commensurate with the complexity of the proposed 
solutions and will compensate, along with appropriate structural 
development tests (Block V-11) , for any lack of service 
experience with innovative designs. Studies will include any 
minor trades required to optimize the structure. 

A typical specrmen of each structural element having 
multiple usage will be designed as well as each individual 
unique element. Section breaks, joints and splices, fasteners, 
tolerances, finishes, material gauges and trim, attachments, and 
protective coatings will all be investigated in detail. 
Manufacturing methods for fabrication, assembly and installation 
of each structural element and airplane component will be 
considered in terms of producibility, cost, weight and 
durability. Provisions for equipment and ' systems will be 
incorporated into the primary structure to minimize the effects 
of space requirements and support hardware. All load conditions 
and design criteria, as well as safety and certification 
requirements will be accommodated in the design at this level. 

Special Structural Design Considerations: 

1. Body: Control cab windows, access doors and cutouts, 
pressure shell integrity and fail safety, structural continuity 
and compatibility with the wing and empennage. 
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2. Ring: Structural continuity and fail safety, -fuel 
containment, control surface installatxon and systems equipment, 
and integration with the body and landing gear. 

3. Empennage: Structural continuity and fail safety, 
control surface installatxon and systems equipment and 
integration with the body. 

4. Nacelles: Structural integrity, service access 
segments and integration with the engine and propulsion system. 

5. Ring-Body Joint: The complexity of this joint with its 
requirements for continuity of load paths and compatibility of 
deflection and strain necessitates analytical modeling. Great 
care and attention to detail in this area at Level V is 
mandatory. Other considerations of major importance are 
fabrication, assembly and production seguencing of the airframe. 
Fuel containment has significant influence on these decisions. 

6. Structures- System Interface: The systens-structure 
interface would be defined in a computer mockup. This would not 
replace the full scale mocfcups required in Level VI but it would 
permit all system runs and equipment envelopes to be readily 
defined early in the design process so that structural designers 
can provide access and support as required with a minimum of 
confusion. This mockup would he generated early, in Blocks III- 
2 and III-12, and input refined in Block IV-22 and on through 
Blocks V-li and 71-3 to be retained in the data bank throughout 
the program. 

The tasks reguired for this level are only briefly 
discussed above. Host of the structural design effort should be 
accomplished at this stage. The primary tool for accomplishing 
It will be the interactive design program DS&-5, which will be 
used in the interactive design tool DSA-5 will be used in 
conjunction with the appropriate design analysis program and the 
graphics program ADEL (DGL-7) . Examples of design analysis 
programs for major structural elements are the Body Frame Design 
Program {DBA- 6) and the Floor Beam Design Program (DSA-7) . 

Data input will be from DGL-2 and -3, GCS Lofting, DSA-1, 
-2, -3 and -4, Structural Arrangement definitions, and STR-3, -4 
and -5 Structural Sizing for strength, fatigue and fail safety. 

Detail sizes of the structural element (beam chords, shear 
webs, etc.) would be optimized during an initial run of the 
design analysis program. The design engineer would modify the 
detail sizes to suit localized constraints and design factors 
for a typical element. Comments concerning these modifications 
to the optimized design would be stored in the data bank by the 
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designer. These comments would be used by the staff personnel 
to understand the final design and by designers to incorporate 
design innovations in new aircraft models. A final run of the 
design program would optimize the design of the structural 
element using data banJc criteria and these last design 
constraints made by the engineers. 

The output of this task will be a complete definition of 
all structural elements and components necessary for the project 
design to begin Level VI. Ail data and backup information will 
be stored in the data baiiK for interactive design purposes. 

S truc tu ral Si z ing and St res s Ana lysi s — Goal: To provide 

support for the Level V structural design (DSA-5, -6, -7, etc.) 
It includes detail stress analysis and sizing of all 
representative structural details, it also covers integration of 
ma]or structural components (e.g., solution or the wing body 
joint) . 

The sizing and analysis in this level will provide the 
first basis for detail designs such as: joints, fittings, 

stringer configurations, nody frames, bulkheads, spars, control 
surfaces, ribs, attachments for landing gears, nacelles, control 
surfaces, etc. The analysis will cover static strength, 
fatigue, fracture mechanics, fail safe, and local optimization 
will take place. The optimization will be directed toward items 
such as: stringer configuration and spacing, rib spacing, frame 
spacing, joint configurations, thermal insulation, etc. {STR-6) . 
The impact of new gages and flexibilities will be established by 
load recycling. 

The analysis will also include areas influenced by 
component integration such as the wing body joint, where the 
influence on load distribution due to component interaction will 
be established using finite element computations for the 
integrated substructural runs {STR-6) . 

S yste m Desig n — Goal: To continue definition of systems 

until all design requirements have been identified and until all 
equipment items are identilied as either existing or can be 
developed. 

All systems design activities are similar in Level V and 
consist primarily of the following: 

1. Detail installation layouts for equipment items are 
drawn using computer aided drafting, practices (DGl-7, 
-8 and -9) ; the interface with structure for mounting 
provisions is entered in the structure data base, and 
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a space definition of the component is entered in the 
computer mockup (DCa-3) , 

2- System schematic diagrams developed in Block IV-22 are 
updated, 

3. Initial schematic diagrams ot the electrical circuits 
for eacfl system are developed and planning for 
integration with the wire release system {STM-21) is 
initiated, 

4- Selection of existing "off-the-shelf” eguipment is 
completed and prelimj nary procurement specifications 
tor new equipment items are initiated, 

5. The testing required to verify system performance is 
initiated , 

6. Maintenance plans for each system are initiated and 
reliability goals are established. 

Other system activities will occur at Level V, for example: 
a steering and ground handling simulation (STK-19) will be 
conducted to develop audit lonal design criteria for the landing 
gear. Hydraulic system dynamic, sizing and thermal analyses are 
conducted (STM-5, -6, -7) . Brake sizing and landing gear 

flotation analyses will be updated (STK-16, -17). Trade studies 
will be conducted such as altorante &PU locations (STM-9) . 

Weig ht s (T yp e — Goal: To calculate Type D weight, 

balance, and ioadability tor a contiguration which has been 
sized tor strength, fatigue, flutter, and dynamic loads. 

To accomplish this involves Technical Program Elements 
which do the following: 

1. Execution of weights update control (HTS-15) which 
would re-execute only those portions of the weignts 
Technical Program Elements whose input had changed, 

2. Update wing, body, and empennage mass elements based 
on stress sized skin/stringer material refined by 
local applications of finite element structural 
analysis (WTS-21) , 

3. Update ot wing secondary structure mass elements (WTS- 
18) , 

4. Update of body/empennage secondary structure mass 
elements (WTS-19) , 
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5. Update of landing gear mass elements (WTS-9), 

6. Update of nacelle and strut, propulsion, fixed 
equipment, and standard and operational mass elements; 
this Will require development of a new Technical 
Program Element, WTS-23, which will accommodate a 
greater level of detail, especially in the systems 
areas, than is available by using Technical Program 
Element HTS-10, 

7. Update of fuel mass elements (STS-11) , 

8. Accumulation of mass elements within each structural 
panel and the calculation of weight, center of 
gravity, and inertia for each structural panel and for 
the wing, body, and empennage (HTS-12) , 

9. Generation of a weight statement patterned after the 
AN 9102-D format based on the previously updated mass 
elements (wrs-13) , 

10. Calculation of total airplane mass properties for 
various points on the balance diagram and the 
determination of updated panel mass properties for 
recycling tnrough the structural analyses {WTS-14) . 

glock Yzlii Tunnel Model C hanges Eequired? — Han 

decision is to be made as to whether any change in the design of 
the transonic wind tunnel flutter model is required as a result 
of the cycles of Level IV. 

Block V -12 . T ra nsoni c F lutter Model Des ign — Goal : Design 

transonic wind tunnel flutter model. 

The wind tunnel model will be designed with a complex 
finite element idealization as used in the theoretical 

structural analysis. The model will simulate a scaled replica 
of the airplane. 

If a flutter suppression system is required, the model will 
simulate control surfaces, actuators, and the feedback control 
system. 

Block Y -13. Hodify Wind T unn el Hod el — Goal: Modify the 

design of transonic wind tunnel flutter model as decided in 
Block V-11. 

Bl ock V-14. Begin Ho del Fabri cation — Goal : Start 

construction of the transonic wind tunnel flutter model designed 
in Block V-12. 
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lo aid the 


Block V-15 ♦ Te ats (Developm e nta l) — Goa 1 : 

configuration verification through testing. 

The following tests represent a sample and are reported to 
show the character of the Level V development tests. In 
general, these tests are conducted as reguired to verify with 
confidence the airplane performance, etc., and the concepts of 
rhe structure and sysrenis. 

Continued Wind Tunn el ( W . T . ) T ests 

1. Stability and Control Model W.T. Test and Additional 
Cruise Configuration W.T. Tests — Goal: Detailed cruise model 
stability and control tests to establish a more complete base of 
aerodynamic data to be used for analysis, flight simulation and 
design. Control surface hinge moments and engine failure 
effects are measured. 

The cruise W.T. model tested in Block V-b is built 
essentially for performance testing and carries only 
longitudinal pitch control surfaces. The cruise W.T. model of 
these present tests (identified in Block V-4) has control 
surfaces for all three axes instrumented for hinge moments and 
engine nacelles configured to simulate engine failure 
conditions. 

1 . Low Speed W.T. Model — Goal: Measurements are made of 
the drag and lift characteristics for the low speed 
configuration identified in Levels III and IV and of the 
stability and control characteristics (all axes) for comparison 
tfitfi the low speed estimates made for stability and control data 
preparation in Block I V-4. 

The low speed model is built for performance and stahility 
and corttoi testing. The model is fully representative of the 
airplane in the low speed takeoff and landing high lift 
conf iguiatioiis with control surfaces for all tnree axes. 

3. W.T. Test - "Manufacturing Loft" Wing — Goal: To test 
the aerodynamic difference between the wing defined by 
aerodynamics and the wing considered to be manufacturable. 

Manufacturing considerations invarianly require some 
modification to the wing lofted uy aoroaynamics. If these 
changes are sizable, then the performance degradation should be 
estahlished by wind tunnel test. 

4. Transonic Flutter Wind Tunnel Flutter Model Tests — 
Goal; Confirm and complement analytxcal flutter predictions of 
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Levels IV and V. Verify the control system stability aiargins if 
a flutter suppression systea is eaployed. 

Analytical flutter predictions made xii Levels IV and V are 
verified and complemented with wind tunnel testing to provide 
substantiating information particularly in the areas where 
structural and aerodynamic uncertainties exist. A dynamically 
scaled flutter model of the airplane and its components is 
tested in a transonic wind tunnel. The buzz characteristics of 
the control surfaces will be determined to verify the criteria 
used in the design of the airplane. Only the transonic rogitne 
is invesxigated experimentally in Level V because it nas the 
least chance of being predicted correctly fay analysis. 

If a flutter suppression system is required, the flutter 
model test shall verify the control system stability margins. 
The test will compare experimental gain margin, phase margin, 
and gain peaking with theoretical results. The control systems 
analysis program of FCS-i will be used to predict the stability 
margins of the model. 

5. Loads Wind Tunnel Pressure Models — Two pressure models 
are required as a minimum, namely, high speed and low speed. On 
the high speed model, pressures would typically be measured on 
the wing, body, horizontal tail, vertical fin and nacelles. 
Huns would be made throughout the Mach number range and alpha 
range (negative stall to positive stall) with beta sweeps at 
selected conditions. Configurations would include clean and 
spoiler (speed brake), roll control, elevator and rudder 
deflections (singly and in combination) . 

On tne low speed model additional piessure measurements 
would be required, including nigh lift devices, gear doors, gear 
cavities, leading and trailing edge cavities for example. Again 
configurations resulting from various flap and control surface 
deflections would bo tested over the full alpha range. 

Strain gage measurements taken during total airplane force 
tests to obtain loads on smaller components, nacelles, struts, 
ailerons, stabilizer, etc. , could be used prior to pressure data 
becoming available and as a check of integrated pressure data. 

P ropu ls io n Te sts — Goal: Perform required tests to verify 

the propulsion system configuration. 

Engine rig, wind tunnel, flight and other tests are 
performed to verify the design of the various components of the 
propulsion system (inlet, nozzles, and thrust reversers, 
acoustic treatment, etc.) . Qiiai^tions which must be answered 
include: performance of the propulsion system at altitude (may 
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reguixe flight testing on new engines) , flight cycle fatigue, 
inlet distortion, oil flow indication, anti icing, water 
ingestion, sand ingestion, low and high temperature starting, 
etc. 


Stru c tural Developme nt Tests — Goal: The goal of the 

structural development tests is to verify theoretical 
requirements and establish baselines for empirical evaluations 
for structural components. These tests would be product 
oriented and would not include Research and Development tests. 
All testing required to insure complete technical confidence in 
the configuration must be accomplished at this level. 

Theoretical reguirements: This group of problems includes 

testing such as wing panels for comparison between predicted 
allowables and fracture stresses, etc. The mam purpose of this 
type of testing is to correlate predictions and test data for 
every conceivauie allowable stress, be it stanility, fatigue or 
fail-safe allowables, etc., in order to prepare for tne full 
scale test assemblies to follow. Tests of temperature related 
phenomena also belong in this category. This Kind of testing 
would concern itself witn temperature distribution and stresses 
and quite possibly also composite material properties under 
varying temperature conditions. 

Empirical evaluations: The purpose of this testing is to 

establish design guidelines for situations where theoretical 
approaches fail or become unreliable. It covers problem areas 
as: 

1. bird impact on windshield, 

2. detail fatigue ratings for not previously used 
design details, or details subject to eg biaxial 
loading or temperature conditions, for which 
present experience has no answers, 

3. strength of fittings, 

4. hail impact, lightning strike, 

5. crack propagation 


Systems Test s — Goal: To conduct developmental tests 

required to verify thar the definition of each system is within 
the current design and production capability. 

This testing is general and roust be responsive to areas of 
concern which are identified during the Design and Analysis 
function of both Levels IV and V. For example: The flight 
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control system would nequire testing if a decision were made to 
transmit control commands completely by an electrical-electronic 
”fly-by- wire” process. 

Block ?-16, Estimate P rogram Cost s — Goal: To provide 

program management wrth xnxtial program cost estimates. 

Initial program cost estimates will include , several 
production quantities. Estimates of hours and dollars are 
provided and detail cost elements by section and components of 
the airplane are summarized {PNC-2) . An assessment of the 
production cost over a time period accounting for changes in the 
manufacturing schedule for introduction of new customer 
configurations and the impact of derivatives from the base model 
is made (FNC-3) . An estimate of return on investment and cash 
flow by year is made (ENC-4) . 

Bloc k V-16. Man u f a ct uring R evi ew — Goal: To provide 

Operations with advanced design aata to complete the company 
resources review and to prepare the Manufacturing Plan. 

Operations must continue the program planning activities 
started in Block IV-65. Based on itemized work statements, the 
Hake-or-Buy and Manufacturing Plans are develpped. The estimate 
of available in-house resources is finalized. 

Block 7-17 . Summa r iz e a nd Re v ie w — Goal: Summary of all 

design and analysis tasks, test results, etc. 

Review the design with associated program costs, marketing, 
product assurance and manufacturing requirements (Block V-16) . 
Identify if design and analysis tasks in Block V-10 are 
coorainated with the same technology level. Identify need for 
further tests in V-15. 

Block 7-18. Re c ycl e? — Goal: man decision to recycle, or 

not. Blocks 7-10, V-15 and V-16 (tests, design and analysis, 
program costs) resulting from the summary and review undertaken 
in Block 7-17. 

V - 19^ Configura t ion Acceptable — Goal: Man decision 

to review integrity of the technical design for a management 
recommendation for product go-ahead. 

B lock V-20. Technical Review — Goal: Review by technical 

committee on the action to be taken following unacceptable 
results for the configuration (Block V-19) , sales (Block V-22) , 
firm orders (Block V-23) and product go-ahead (Block 7-25) . 
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Block V -21 . M anageme nt Bevi ew — A technical review is 

presented to^management , based on engineering report in Block V- 
19, 

The Program Manageaient Office (PHO) and Manufacturing 
participate in the Management Beview and receive design 
information which will support preliminary decisions. PMO must 
have assurance that the design intent meets the customer 
requirements. Manufacturing begins selection of sub-contractors 
for long-lead items. 

Block V-22. Sal es Go-A head — This is a major program 

milestone. Management authorization is granted to proceed with 
a sales effort. 

Blo ck V-23, Fir m O rders — This is a magor program milestone 

and supports a decision to recommend a product go-ahead to 
management . 

B lock V -24, Management B evi ew — Goal: Review by management 

of all sales activities which includes the market analysis, 
airline interest, firm orders, program costs, etc. 

Bloc k y-25. Product Go- Ahead — This is a magor program 

milestone. Management authorizes go-ahead with product design, 
manufacture, verification and support. 


4. 3. 3. 6 Level VI - Product Detail Design 

Level VI will begin when the decision has been made to 
commit the design to prog'ect status. This Level will be 
dominant in the group of IPAD Levels denoted as the Product 
Levels (detail design, manufacture, verification and support 
while in service) . The activities of Level VI will require 
careful management control. The design, analysis and testing 
will be discussed by certain areas. 

Block_VI-l^ Establ ish Preliminary Des i gn /P roduct Interf ace — 

Goal: To provide Program Management, the Engineering Design 
Project, Eagineering Technology Staff Organizations, Finance, 
MarX-eting and Manufacturing Operations with a consistent data 
base definition of the preliminary design configuration. 

Many, preliminary design to product interface activities 
occur. The plans and schedules required for program management 
are finalized, i.e., the program plan, the engineering cost ard 
schedule plan, the design development and verification test 
plans, customer support plan, etc. The data base detail 
configuration definitions are improved, for example: 
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The conf xguration definition is finalxzeo to xnclude a 
complete manufacturing oriented master dimension definition of 
the lofts (DGL-4) . The weight accountabxlity (Type D wexghts) 
is revised as required for Engineering, Finance and 
Manufacturing (WTS-22) . The weights accountabilxty has been 
structured as follows: 

1. To provide a meaningful definition of the product in 
terms of weight data and descrxptxons, 

2. To provxde a meanxngful wexght history for evaiuatxon 
of the final product design, 

3. To provide the flexibility to handle a varxety of 
design projects, 

4. To provide a system whxch can xnterface wxth the 
previously executed wexghts analyses programs, 

5. To provide a system which is eftxcient in terms of; 

a. Data and input, editxng, and verification 

b. Internal data storage and manipulation 

c. Output data report gencratxon. 

Block Vl-2. Tests (Development) — Goal; To perform the 

tests necessary to complete the detaxl design of the product. 
Thxs does not include final verxfxcation testxng. 

The following tests are a contxnuation of the testing 
conducted for Slock V-i5 and again are only a sample of the 
required testxng. 

P ropulsxon — Goal: Perform necessary tests to support 

detailed design of the propulsion system. 

Tests performed will provide data to support detaxled 
desxgn of the propulsxon system. These tests wxll usually be a 
continuatxon of Level V testing and will include general tests, 
such as inlet dxstortxon and noise suppression, as well as tests 
unique to the particular configuration. 

S truc tu ral Tests — Goal; This testing xs directed toward 
subassemblies and its prime purpose is to correlate analytical 
and factual stress distributions. 

This testing concerns itself mainly with structural 
details, such as wing body joints, cutouts, wheelweli for 
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quality 


landing gears, areas of load distribution (attachments in 
general, bulkhead, etc., and another candidate would be “the 
pivot*' on a variable wing geometry airplane) . 

The results constitute a verification of the structural 
idealization and provide data for updating the structural 
sizing. 

S ystems Tests — Goal: To conduct development tests required 
to verity that pertormance of each system is as predicted or is 
an acceptable deviation. 

This testing is general and is an extension of the system 
testing conducted in Level V. The following are two examples of 
flight control system testing. 

1. Control System Development "Fixture (Iron Bird) — Goal: 
Design and fabricate the rest hardware. Perform the control 
system tests. 

The control system development fixture consists of flight 
quality control system hardware attached to a boiler plate 
simulation of the airplane. Geometry and local structural 
stiffness are simulated. The fixture permits a complete 
functional checkout ot the control system. Also, control 
surface and actuator response tests may be performed. Control 
system analysis programs (FCS-1 or FCS-2) and digital 
simulations {FCS-8, FCS-9, FCS-10, or S5C-19) will be required 
to interpret the test results and assist with the conduction of 
the tests. 


2. Control System fiesponse Tests — Goal: Measure control 
surface and sensor responses. 

The rlight control system design is dependent upon the 
transfer functions of the flight control components integrated 
into the airplane. These tests will be perlormed upon a flight 
article, probably the same airplane which is used for the ground 
vibration testing. The test procedure will be to run frequency 
responses of the control surfaces. Measurements will be taken 
of the control surface motion, flight control sensor outputs, 
feedback signal to the control surfaces, and various test 
pickups mounted on the airplane structure, A variation of this 
test will be to increase the feedback gain until an oscillatory 
condition is realized. In either case, a mathematical model of 
the airplane m the test configuration will be required. The 
mathematical model will be adjusted and corrected to force 
agreement with the test results. These adjustments and 
corrections will then oe extended to the mathematical models of 
the airplane in tne flight configurations. 
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H ind luanel - Configuration, fluttei.. Stability and 
Control. Load s — Goals: To provide confxgiiration testxng to 

improve the aerodynamxc description of the axiplane, detailed 
testing to improve areas of low Ixft, high drag, interference, 
etc, , to support the aerodynamic clean up program, to improve 
high lift flap devices for low speed, and to do fxnal 
performance tasting to supply aerodynamxc data to support 
performance guarantees. Other goals include flutter tests at 
low speed, transonic speed and supersonic speed to verxfy 
crxteria and flutter predxctions made xn Levels IV and V, 
stabiixty and control testing to solve problems and 
uncertaxnties arising from analysis of Level V wind tunnel data, 
further testing of control surface deflections, combxnations and 
gearings, etc., further engxne failure simulation tests, 

extensxve pressure model tests to establish ilxght loads, and 
system tailoring such as APU and air conditionxng xnlets, pxtot 
static provxsxons, etc. 

B lock VI-3. D esign/ A paly sis — Goal: To perform the design 

and analysxs tasks necessary for the detailed desxgn of all the 
parts. 


The actxvities of the different technxcal dxsciplines wxll 
be summarized. In addition to the items discussed below, 
xnteractive graphics will be extensively used for detaxled parts 
design. The lofting Technxcal Program Elements will be coupled 
with the various design and analysis Technical Program Elements 
to support this design- 

Aerodynam i cs/P erf orm anc e---All of the design and analysis 
elements available wxthxn aerodynamics will be used at this 
Level. APO-4 to -6, -9 to -12, -15 to -20 will be used for 
detailed wing, body, empennage, nacelle and pylon design and 
analysxs for both wxnd tunnel models and the productxon 
conf iguratxons. ARO-13 and -14 will estimate the sonic boom 
characterxst xcS of the configurations. . 

Au tomated Part s Release (APR). — Goal: To control the 

Ixstxng and release of parts informatxon to Manuf acturxng. 

The Automated Parts Release System is a related set of 
computer programs whxch produce new and revxsed part cards and 
assembly lists from data supplied by the Engineerxng and 
Manufacturing Departments, The part and assembly xnformatioii xs 
maxutained on two separate master files, one containing 
engxneecxng or conf xguration data and the other containxng 
manufacturing or productxon data. Each of tne two master files 
is updated by a separate computer program using a distinct set 
of input transactions, one primarily from engineering sources, 
the other entirely from manufacturing scutces. Information from 
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the two master files is collated by a report yererator system to 
produce printed part cards and assembly lasts and also to 
provide a record containing transactions for direct input to the 
Kanuf act uring Bepartment's program. 

A change in tne usage of an assembly implies a 
corresponding change in component parts of the assembly. The 
APR System is design to effect these implied changes 
automatically. To accomplish all implied changes in one pass 
through the master file, it is required that every component of 
every assembly be located in the file beyond the assemblies of 
which it IS a component. 

The concept of level (not the IPAD levels) is used to make 
this oi dering of parts possible. The master or top drawing for 
the airplane model is at level 1. All drawings that reference 
the top drawing as their "used -on-draw mg*' are at level 2. 

This relationship betwesn a part (detail, assembly, 
installation, drawing) and its used-on part continues down to 
detail parts. The lower the level the greater the magnitude of 
the level number. 

vfhen a part is used on more than one assembly, and if these 
assemblies are at different levels, the part is assigned a level 
one greater -than the useJ-on assembly witn the largest level 
number. About 15 levels are required for ar. airplane master 
file. The level numbers are assigned oy the computer program, 
and do not appear on any input transactions. The engineering 
master file is arranged in level number order, and within each 
level in part number order. The master record for each part on 
the engineering tile indicates all usages of the part, both 
active and cancelled, and all components of the part, unless it 
IS a detail part. 

The level concept does not apply to the manufacturing file. 
It IS arranged completely in part number order- There are 
entries in this file for each active part, and for each active 
usage ot the part for which distinct manufacturing information 
is supplied. 


D ynamic Loads — All of the dynamic loads analyses performed 

in Levels IV and V will be repeated in Levels VI using the same 
theories and programs but with refined input data as it becomes 
available. 

input data is refined by employing wind tunnel data, flight 
test data, and ground vibration test data corrections to the 
theoretical data. The quality of the analysis is improved by 
increasing the number of elastic modes and employing residual 
stiffness in the analysis in conjunction with the refined data. 
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In addition, many smaller design problems will be solved as 
the need arises. These problems are difficult to predict in 
advance but will be of the type such as changing nacelle 
flexibility to lower wing-nacelle attachment loads. 

Flight Contro l Syste in Synthesis and an alysi s — Goa 1: To 

complete definition of the flight control system. 

The work of Level V will be continued. However, the detail 
will be sufficient for final drawing release. The computational 
activity will be similar to Block V-10, the computer programs of 
FCS-1 through FCS-11 and SSC-19 will be used. Specializations 
of the foregoing list of programs may be required. These 
changes may be temporary (one shot) or may result in the 
definition of a new computer program which is valid for only one 
airplane. Also, additional computer programs are required to 
solve specific problems which are pertinent to the particular 
airplane project. 

Fligh t S imulato r — Goal: Provide a simulation of the 

airplane in flight. 

The fixed base simulation will be similar to the work 
performed in Block V-11. However, as time progresses, more 
detail is introduced. 

The effects motion produces upon the pilot will be measured 
by use of a moving base simulator. That simulation will be 
performed in a different facility than the fixed base 
simulation. Discrete gusts, wind shears, random turbulence, 
failures, and pilot input provide the excitation to drive the 
cab. The primary result of the simulator stuuy is the pilot 
rating changes produced by motion. 

— Goal; Perform flntter analysis to support detail 

design. 

The flatter work of Level V will Le continued. However, 
the detail will be sufficient for final drawing release. The 
computational activity and computer programs used will be the 
same as Level V. Additional computer programs may be required 
to solve specific problems which are pertinent to the particular 
airplane progoct. If uncertainties of theoretical predictions 
exist, they will be resolved experimentally. 

Plans and Sch edules — Goal: To provide Program Management, 
Operations, Marketing, and Finance with plans and scheduling 
information. 
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Thfc Block V-11 estioates of the engxneering release 
schedule and manpower plan, the product devslopment/verification 
test plans and the manufacturing schedule are updated. 
Identification of critical schedule items such as forgings, 
mockups, etc., is continued. 

An integrated engineering schedule is initiated to identify 
and define the scheule relationships between the technical tasks 
to be performed by the various design project groups and the 
tecnnology staff groups during the final design process. In 
Level VI, the purpose is to assure schedule integration between 
these tasks which are nighly inrerdependent in terms of 
technical data availability and timely performance of design and 
rechnical tasks relative to data. The integrated engineering 
schedule (s) sets forth the major milestones which represent the 
following schedule dependencies: 

1 . Design project group schedule requirements for key 

interface design data from another design project 
group upon which their effort is dependent. 

2. Design project group schedule requirements for key 

technical data from a technology staff discipline 
group upon which their design effort is dependent. 

3. Technology staff discipline group schedule 

requirements for key design data from a design project 
group upon which their technical tasks are dependent. 

4. Technology siaff discipline group schedule 

requirements for key technical data from another 
technology staff discipline group upon which their 
technical tasks are dependent. 

P roduc t Assuran ce : 

1. Airplane System Detail Design Bcliability Safety 
Analyses — Goal; To incorporate addirional design detail into the 
Level V reliability and safety analyses, and to revise and 
update level Y system simulation models with new data from Level 
VI design effort. Fault tree simulations (BEL-5), AEPif (BEL-2), 
COBRA (BEL— 3) and CTS (REL-14 and 41) models will be updated as 
required to assess impact of Level VI additional design detail. 
He- allocations as required will be identified. 

2. System Design !1aintainabiliT y Analyses — Goal: 

Assessment of system design configuration against the 
maintainaLility requirements and allocations. 


232 



Thxs assessment is manual. It supports the Keliahility and 
Safety analyses of VI-3, Accessibility will be studied and 
optimized through use of the computerized space arrangement 

BOClCUp . 

3, Component Specification Control Drawing Beliability, 
Maintainability, Safety Eeguirements — Goal: to assure that 
reliability, maintainability, and safety requirements for 
functions and components are realized in the actual hardware. 

Reliability, maintainability, and safety requirements and 
allocations, established in Level IV and used in all assessment 
analyses, are defined in the specification control drawings for 
all hardware. Contribution to overall system unreliability of 
components is assessed as these component detail designs are 
developed. Manual calculations, CTS (REL-14 and -41) and COBRA 
(REL-3) are primarily used for these component assessments. 

4, Airplane System Reliability and Maintainability 
Evaluation — Goal: An evaluation of the total system in the 
operational environment. 

Simulation model (HEL-l or REL-4) will evaluate 
interactions, major influences, controlling parameters, special 
features and characteristics affecting utilization, dispatch 
reliability, maintenance and logistics facilities and costs. 

Variables such as fleet size, route structure, schedules, 
flight time, and ground time are altered to assess each change 
in design and to evaluate strengths and weaknesses of each 
airplane in the operational environment. 

P ropulsion — Goal: To complete final design and development 
of the propulsion system. 

The Level V activities are continued to complete design and 
integration of the nacelles and mounting structures. The 
techniques and activities described in the following sections of 
"Structural Design" and "Systems Design" are applicable to the 
propulsion system. 

St aoility and Con trol — Goal: To complete all airplane 

stability and control analysis, control interference effects, 
thrust reverser effects and unusual configuration effects, to 
analyze all wind tunnel testing, to size actuators from control 
surface wind tunnel tests in Block VI-2, to do detailed control 
surface effectiveness analyses to assist control system design, 
to do flight simulation of all design conditions including 
failures and of turbulence and gust effects. 
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ORIGINAI. 

OF POOR QUALITY 

Thxs Level is the product detail design phase where 
analyses are aimed at achieving a total practical airplane 
control system and SAS design in conjunction with as complete as 
possible understanding of the basic flying gualrtites of the 
configuration. Wind tunnnel tests in Block vi-2 will not only 
update previous wind tunnel data of Level V but will provide an 
extensive range of aerodynamic data for all possible control 
surface applications, high lift application, speed brakes, 
landing gear, thrust revorsers, etc* Aerodynamic 
cnaracteristics will be calculated from wind tunnel data in 
Technical Program Elements S&C-21, -22, -23, -24. Aeroelastic 
corrections will originate from structural load analyses 
undertaken in Block V-10 and VI-3. Control surface actuators 
will be resized using rigid hinge moment data from wind tunnel 
tests Block V-i^ and VI-2 with aeroelastic corrections obtained 
from structural load analysis in Block V-10 and VI-3. Actuator 
rate requirements will be specified from the flight simulator 
tests undertaken in Block V-10, and further simulator testing in 
this Level VI. Piloted simulation will be extensive and will 
incorporate the current flight control system. Pilot displays 
and controllers will bo representative of the airplane. An 
assessment of flight control system efrects, gearings, rates, 
etc. , on handling qualities will be made in conjunction with the 
assessment of failure modes (mechanical, hydraulic, engine 
thrust, etc). Models to simulate discrete gusts and turbulence 
will be incorporated in the flight simulation. 

Stati c Loads — static loads for a supersonic configuration 

would be computed to meet the requirements of the appropriate 
certification authority and any additional Boeing criteria. The 
methods used would be an extension of tnose used in lower levels 
with improved and more extensive input data. Additional' Program 
Elements would be developed as specific needs arise and it is 
unlikely that they would near a marked similarity to any 
Elements available today. For this reason no Element 
descriptions are presented. 

struc tu ral Design — Goal; Expand and refine the structural 
design as defined in Block V-10 into a completely detailed 
engineering pacKage. This package would consist primarily of 
data filed in the computer data bank library, but could also 
include any desired hard copy such as engineering drawings, 
documents, specif ica tions , or reports. 

It is intended that no new structure design definition be 
accomplished at Block VI-3, only expansion and refinement of 
solutions and concepts of Block V-10. It is heie tnat the real 
capabilities of tne computer can be utilized to provide 
efficiency in the design process. The design definition of a 
single nody frame, floor beam or wing rib from Block V-10 can be 
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repeated almost instantly 2 , 4, or even 50 times. It can be 
readily modified to accommodate any number of optional, 
alternate, or special cases of similar concept. These special 
cases would include exceptional geometric or spatial limitations 
on the structure, unusual manufacturing or assembly conditions, 
or differing sealing or system to structure interface 
requirements. Only the incremental change in the design would 
require study while the data base would retain, instantly 
available, the remaining part of the design. Such a concept 
would be especially valuable for an area ruled body. Every 
frame would be similar in concept but of different diameter with 
varying stringer pitch. In like manner all floor beams would be 
of different length. The problem of retaining and utilizing 
such information is particularly well suited to the computer. 

The systems to structure interface would be refined in the 
computer mockup identified in Block V-10 , but a full scale Class 
III mockup would also be necessary and will be defined in Block 
VI-4. 


Great efficiencies would be derived from both the speed and 
accuracy of data transfer between the men and machines in the 
interactive design process. In addition, with fewer people 
involved the management can be more concerned with technical 
considerations and less with manpower. Hopefully, the peak on 
the engineering manpower mountain presently necessary in product 
detail design can be reduced because of a more thorough 
preparation in Block V-10 and the improved design efficiency of 
the interactive tool DSA-5 and the design analysis programs DSA- 
b and on. 

All of the design considerations, criteria and constraints 
of Block 111-12, IV-31a, and V-10 will continue to influence the 
design process at this level. Great attention to fine detail 
will be mandatory to complete the design package. All 
fabrication and installation requirements for every part and 
assemnly must be determined during level VI. -These requirements 
include hardware material, heat treatment, geometry, fxt-up 
tolerance with adjacent parts, fastener spacing and location, 
surface finish, and protective coating requirements. 

One possible benefit of the use of IPAD will be 
identification and control of parts. This control and 
identification would begin w"it h part numbering and automated 
parts release at Level VI. Manuf acruiing and material 
visibility of these parts begins at this point. Kaw material 
orders, NC programming and large tool planning would all use the 
data base inputs made at this level. A most important aspect is 
that the engineering would at this point be in a form accessible 
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and acceptable to operatxons without requiring conversion for 
automated fabrication techniques. 

Structural Si zin g and Stress An alysi s — Goal: A complete 

detail design (DSA-5, -6, -7, etc.) of structural components and 
subassemblies is performed at this level. The resulting gages 
and areas are used to update and refine the finite element 
idealization for recycling of loads. The end product is an 
airplane where all detail designs have been performed. 

The final result of this structural sizing should include 
optimization of the component sizes and corrections from test 
results. The results also will ie in a form which can be 
directly used for making the production drawings. 

The sizing of the components and subassemblies are based on 
the same considerations as in Level V, however, qualitatively 
this is going to result in more accurate sizings and margins of 
safety as the internal loads are based on a more refined 
structural idealization, the results of which are updated with 
respect to Level V and to some extent Level VI test results. 

The finite element idealizations will be done in two ways. 
Primarily a complete airplane model will be established for 
recycling of loads and determination of overall internal loads 
distributions whete local conditions promote steep gradienrs. 
In the internal loads distribution, separate local detailed 
Idealization will be established. These latter models will be 
used for comparison with the test results from level V and VI 
and ultimately serve as a basis for detail designs of these 
local areas (STH-6) . 

Syst em Desig n — Goal: To complete final design and 

development of all systems. 

Continue Level V activities and complete the following 
additional activities. 

1. Identify all hardware required and release preliminary 
information to the mockup. Finalize and release 
design of detailed parts and installation information. 

2. Finalize and release piocurement specifications for 
new equipment items. 

3. Finalize and release maintenance information including 
, the following; 

a. A system schematic diagram with system 
maintenance requirements noted. The system "new 
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condition” operational limits are identified for 
the manufacturer’s functional test reguirements. 
In addxtion, the system ”in service” minimum 
acceptable operational limits are established for 
the operator's functional test requirements to 
allow for normal deterioration. 

b. A component maintenance data sheet for all 
components of maintenance significance. This 
data sheet contains information on accessibility, 
servicing, test and inspection, and removal and 
replacement. The following information is 
established for each component; 

(1) Test provisions: self test or test-in-place. 

(2) The component removal basis in one of three 

categories: (a) Time-controlled components 

with predictable wear-out rates which will 
be removed and replaced in accordance with 
the scheduled time between overhauls (TBO) ; 
(b) Condition-controlled components which 
can continue to operate until inspection and 
tests {made without removal or tear-down) 
indicate the part is no longer airworthy. 
This category is generally related to parts 
which fail or wear out gradually; (c) 
Failure-controlled components which can 
continue in service until failure. This 
category is generally related to parts which 
fail abruptly and their failure does not 
impose any hazard. 

c. Procurement specifications; Each procurement 
specification contains a maintamability 
requirement to meet the intent of b. (1) and b. (2) 
above, and a test to prove satisfactory operation 
at a specified deteriorated performance level. 

4. Finalize and release schematic diagrams of the 
electrical circuits and develop integration with the 
wire release system (Srf-22) . 

Wei g ht s { Type E) — Goal: To provide the Staff, Project, 

Finance and Manufacturing organizations the current status of 
the configuration's definition in terms of weight and weight 
related items in a form which is meaningful to each recipient. 

The weight data are based on calculations from released 
engineering drawing by part and actual part weights, A first 
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attempt to provide thxs capability xs contained in Technical 
Program Element HTS-22. 

W ire R elea se Sys t em — This xs a typical packaged part design 
process t«ith the goal to define, integrate and control all 
Wiring in the airplane. 

The Wire Release System is a composite of approximately 80 
programs. It primary data base consists of a wire masterfile, 
an equipment masterfile, and a file containing production 
information (primariiy from planning and mockup inputs). 
Several smaller files provide specialized information to be 
merged with the primary data on various output reports (STH-22) . 

The major output reports are used in the following ways. 

1. Engineering 

a. Input of wire and equipment to data files. 

t. Verification of agreement between data files and 

wiring diagrams. 

c. Reference information tor configuration of any 

airplane . 

2. Mockup 

a. Input of wire lengths and subassembly groupings. 

b. Reference information from which formbeards and 
production illustration (P.I.) drawings are 
produced. 

3. Planning 

a. Input assembly sequencing information. 

b. Issue production orders for every bundle 
required. 

4. Material 

a. Purchase wire, connectors, etc. 

5. Manufacturing 

a. Cut and mark wire. 

fa. Preassemble connectors 
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c. 

Assemble bundles 


d. 

Test bundles 


e. 

Connect bundles together after 
airframe. 

installation in 

Customer Airlines 


a. 

Maintenance 


b. 

Identification o± spare wires 


c. 

Identification of bundles and 
ordering spares. 

equipment for 

d. 

Input of information on 

modifications. 

post- delivery 


Program Descriptions: 

a anuf a c turxaq { Includes Bundl e Eg uapment li s t )_ — T his 

program provides a report containing production information, how 
many to build, what parts are used, where to install the 
bundles, sequence of assembly. Some engineering input is 

required, but most of this data originates with mockup or 
planning . 

Wire Lis t — This program lists each wire in every bundle. It 
shows information as wire number, termination (both ends) , size, 
length, color, type, assembly sequence, and references the 
wiring diagram which shows the wire. 

Equi pment List — This program shows part number, description, 

next assembly, reference wiring diagram, etc., for each 

equipment items number used. 

The three programs above are the heart of the Hue Helease 
System. Their master-files record the detail configuration for 
every airplane of a model series, and are updated with any 
frequency desired {usually 3 times per week). The ether files 
in the data base contain infocmation of general applicability 
rather than specific data for individual airplanes. All other 
reports in the Wire Release System are “derived" reports; that 
is, derived from the data supplied by the three major programs 
and the several smaller data files or tables with no additional 
input of information. 
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shop Aid reports include the following. 

Assem b ly connection list — is a report showxng how long to cut 
each ~Hxre, from what^tfrue type and' size to cut it, how to mark 
it, and how to connect it. A separate list is issued for each 
group of wires within a bundle. 

Plug map s — are physical layouts of connector insert arrangements 
with the wire number for each pin printed immediately below the 
pin number. 

Fo rmb oar d list — is similar to the assembly connection list 
except that it is sorted by eguipmect item number ratner than 
wire number to enable the worker to finish one item before 
starting another, 

Manu f acturing pl an — is basically the same as used by engineering 
except that part numbeis for all eguipment items arc aaded by 
the computer from the equipment file. 

Other Manufacturing Reports arc: 

P art Requisi ti on Card s are used to issue parts and serve as 
materiel records. 

Bund le Assembly Tags control the routing of bundles in the 

proper sequence through the production line. 

Date x cards supplement the assembly connection list foi those 
wires which can be machine cut and codea. 

Wire Identification Ta pes provide wiap-arcund identification 

tags lor those wires which cannot be machine coded. 

Auto matic Wire Tes t er cards are used for automated “toting of 
completed wire bundles. 

Bundle Sequence List provides plannirq with a comple.te list of 

bundles required for an airplane, sorted in production sequence. 

Hoo k -up Charts provide final assembly workers with hook-up 
information required at the time bundles are installed in the 
airf ra me. 

Otner kon-Manutacturing Raporrs include: 

Dia g ram Check Li st is an extract of the wire file, sorted by 
wiring diagram. T t is used to check compatibility between the 

data base and the wiring diagraros- 

Bqu i-pmen t Ch s ck L ist is analogous to the Diagram Check List but 
IS ‘e'lctracted from the equipment file. 
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¥i re Cofflpar e Lxst shows only the differences between any two 

airplanes of the same coodel. 

Part Number Summary is an extract of the equipment file sorted 
by part number. 

Bu ndle Assembly Inde x shows which bundles are used on what 

airplanes. 

D iagram Equipmen t L ist part of the Diagram Manual Eeport (DKR) 
IS an equipment list for one customer only and is sent to the 
airline for maintenance information as part of the Wiring 
Diagram Manual. Diagram Manual Reports are available to 
customer airlines on hard copy, punched cards, magnetic tape, or 
microtilm at the customer's option. 

Diagram Wire Lis t (Part of DME} is a full wire listing for all 
bundles tor one customer block. 

H ook-up Charts, Grou nd List, Splice List, Ter m inal List are all 

part of the DMS and give hook-up information for various 
equipment items. 

Wire Q uantity Repor t gives Materiel information on how much wire 
of each type and size is required per airplane. Total wire 
weight per airplane can also be obtained from this program. 

Block VI- 4. Ma nufactu ring Rev iew — Goal: To monitor 

schedule sensitive item releases from Engineering to assure that 
manufactur iug activities can be responsive. 

Operations refine manufacturing plans and make inputs to 
manufacturing computer systems for part card coding, detail and 
subassembly orders, and major assembly and installation, paper- 
Engineering changes are scheduled and unit sequencing 
accomplished. 

Engineering releases are monitored per the Document 

Industrial Engineering (DIE) and manufacturing schedules 

adjusted for late releases. Manufacturing assemblies, and 

detail deviations are identified for facility of production. 
These become inputs to the manufacturing systems, but do not 
exist in the end product. 

There is a continuous interaction between Engineering and 
Operations as the part drawings are released. There must be 
quick response by Engineering to design change requests that are 
basea on improved cost and schedule assumptions. Many requests 
are initiated on the basis of problems encountered on the Class 
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Ill manufacturxug mockup network Block VI-4. where possible, 
changes are incorporated in the initial releases. 

B lock Vl -4. Mockup — Goal: To provide the mockup planning 

department with information to develop the required engineering 
and manufacturing mockups and to produce production illustration 
draw in gs. 

E ngineering Mockup — Preliminary information and drawings 

are used to construct the engineering mockups. Class I mockups 
provide approximate information of the airplane structure and 
are used to evaluate full scale integrated space and arrangement 
concepts of the airplane. Class II mockups provide more detail 
of the airplane structure ana are used to evaluate full scale 
structure and component installation concepts. These mockups 
include moving parts where required and provide final checkout 
information for the integrated engineering evaluation. 

M anufactur ing M o cku p — Final engineering drawings are used 
to construct ~the Class III manutactiur ing mcckup. This mockup 
represents the exact production airplane structure made from 
final engineering information and is used for engineering and 
manufacturing evaluation of the integrated airplane structure 
and systems. The Class III mockup is used to develop tubing, 
wiring, thermal and acoustic lining, and other parts which do 
not require detail information from engineei ing. 

Manufacturing prepares production illustrations (PI 
drawings) which are co-signed by engineering. These are 
perspective views of wiring, system component and tubing 
installations in the manufacturing Class III mockup. These 
drawings provide installation information to manufacturing. 
Computer-aided design support can provide views of the structure 
to which the details are adued manually. These are updated as 
the result of design changes. 

B lock VI-5 . Su mma riz e a nd Lev iew — Goal: To summarize and 

review the detailed part design process by use of the management 
information system (KIb-1, -2 and -3). 


4. 3. 3. 7 Level VII - Product Manufacture 

The goal of Level VII is to build the product. This Level 
appears by definition at tne end of Level VI. The IPfiD system 
will interface with manufacturing, to the extent required to 
cause the product ”as designed” to be built. 

B'l ocK VII- 1 . Man uf ac tu ring — Goal (1) : Provide a 

manufacturing process to build the end product to fulfil the 
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engineering specifications and assure that the "as built" 
configuration matches the "as designed" configuration. 

The manufacturing process utilizes extensive computer 
systems to produce shop paper, collect cost data, report 
execptions, and record configuration. Numerical control 
fabrication depends on a large general purpose computer and the 
status of tools is reported by means of a computer program. For 
example, the design, planning and fabrication of wire bundles 
are controlled by a computer system (Hire Helease System STM- 
22). The complexity of the process is controlled by a series of 
checks and re-checks, both manual and automated, with decision 
making data available to management as a by-product. The final 
check by Quality Control is a match of the "as built" data base 
against the "as designed" data base. 

To further amplify this example, the Hire fielease System 
provides manufacturing with reports designed to assist 
production as follows (STM-22) : 

1. Fabricating bundles (Cutting wire, marking it, in- 

stalling connectors, grouping and 
tying wire into bundles) , 

2. Testing bundles (Dsing card controlled Automatic 

Test Bquipment) , 

3. Installing bundles (Making connections between bundles 

after bundles are installed in the 
airframe) . 

The only information required for the above steps not 
supplied by the Hire Release System is contained in standardized 
assembly procedures, formboard drawings (sub-assembly level) and 
production illustration drawings (final assembly level) . 

Goal (2) : TO provide engineering liaison to manufacturing 

for rapid engineering response to manufacturing design change 
requests as the result of faorication difficulties. 

There are design discrepancies that affect producihility 
and are not apparent until the actual fabrication, assembly, or 
installation is attempted in the factory. When problems arise, 
there must be a fast response by engineering to the 
manufacturing request for a design change, in order that the 
matter be resolved with the least possible delay in the 
production process. The liaison activity provides the response 
and also feeds the information to the parent oiganization to 
assure that the affected design media are corrected. 
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B lock VII-2, Pr od ucti o n Prob l em Requxr mo Bedesign? — G o a 1 : 
To provide a process by which required design changes are made 
known to the engineering design project. These changes are of 
the type which cannot be made by the engineering liaison 
organization supporting the manufacturing effort. 

a lo ck yii-3 . Extr act Co n figuration Accoun t ability — Go al ; 

Provide configuration accountability and cost data by airplane 
unit. 


Throughout the manufacturing process, production events are 
occurring which deviate from tiie Manufacturing Plan. These 
include shortages, out-of-sequence rework, remove and replace 
operations, retrofit kit installations, etc. The interaction of 
the fabrication process with Quality Assurance assures that 
records are maintained to provide configuration accountability 
for each airplane unit. The data base is updated on a daily 
basis. Other parameters that are maintained in the data base 
are part and labor costs, part weights, and overhead costs. 
Various reports, both scheduled and requested, are compiled 
using elements from the data base and the management information 
system (MIS-2 and -3) . For example, the »ire Release System 
(STM-22) provides reports containing the amount of wire in an 
airplane, by type and gage, its weight, and a listing of all 
electrical and electronic equipment items. 

The Standardized height Record System (KTS-22) provides 
weight and balance data and weight related data such as 
cost/weight and weight change resulting from configuration 
changes. 


4.3. 3. 8 Level VIII - Product Verification 

The goal of Lsv»l VIII is to verify the safety and 
performance of the product. This will be achieved by tests most 
likely outside the IPAD man/mdchine environment, but the results 
Hill be recorded by the IPAD data base managemert system. 

Block VIII - 1. Ai r frame Testin g — Goal: To verify the 

static strength and fatigue life of the airframe and that 
certification standards and requirements have been met. 

This testing is destructive full scale testing of primary 
structure and the verification relates to ultimate loads and 
predicted fatigue life. There is however, a seconoary objective 
mainly of data collection character. The tests will be designed 
in such a manner that strain and deflection measurements can be 
used for inferences regarding plasticity effects and influences 
on internal load distributions, shear lag, stiffness 
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charac teristxcs (impact of joint and fastener flexibilities) 
material effectivity under buckled conditions. 


The results will be used for upaatiag internal loads 
distributions and establishing airplane growth potential and/or 
improvements. Finally these results will be incorporated in the 
data base for future reference and predictions- 

These tests will be supported by reliability and safety 
assessments (REL-6, -8, -9, -13). 

Blo ck VIII- 2. Flight and Ground Testing — Goal: To conduct 

tests with a flight-capable airplane to verify flight and ground 
performance and safety. These are discussed for several 
technologies. 

A erodyn an ics — Goal: To cerify the performance guarantees 
and regulations. 

Proof of guarantees and federal safety requirements 
requires extensive flight tests. Aerodynamics will in the main 
be concerned with measuring flight quantities that relate to 
performance. The low speed lift capability is determined. The 
cruise fuel consumption, which in turn implies drag levels, is 
measured. Buffet and stall conditions are mapped. 

The data taken during these flights will be reduced and 
placed in the IPAD data bank. This will facilitate the writing 
of manuals and documents supporting the measured performance. 

Ground Vibration Testing --Goal: Verify ^ the theoretically 
predicted vibratory characteristics of the airplane. Provide 
information on structural properties of the real airplane, which 
may serve as basis for improved final aeroelastic calculations 
betore the first flight. 

The manufactured airplane will go through an extensive 
ground vibration test to obtain the natural mode shapes and 
frequencies for comparison with the flutter model and 
theoretical modal data used in determining the flutter 
characteristics. The dynamic characteristics of the control 
system will also be determined by test. The generalized masses, 
natural frequencies and damping characteristics associated with 
the natural modes of the airplane should be determined for use 
in verifying analytical flutter prediction. 

F light Control System — Goal: To demonstrate flight control 
system characteristics. 
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Plight tests are performed to verify the flight control 
system design. Mote that the ground roll portion of tests to 
demonstrate an autoland system will be performed at this time. 
The tests are primarily transient response and the simulations 
of FCS-&, FCS-9, FCS-10, and S6C-19 may be used to correlate the 
experimental results with theoretical results. Freguency 
response testing may also be used. Hence, the computer programs 
FCS-1 and PCS-2 will be activated. Flight test data reduction 
is a highly specialized field. Therefore, the data reduction 
computer programs will probably operate in a stand-alone mode. 
After test data has been reduced into a useful form by the data 
reduction programs, selected portions of the results will be 
transmitied to the IPAD data bank.. 

F light Flutter Te s ti ng — Goal: To ensure that the airplane 
IS tree from flutter throughout the design iligtt envelope. 

Full scale flight flutter tests are conducted to ensure 
that the operational airplane will be safe from flutter and to 
determine tne subcritical response characteristics of the 
airplane. In these tests dynamic excitation is applied while 
the airplane is flown at constant speed and altitude while the 
resonance modes are excited. The recorded responses are 
analyzed to give resonance frequencies and decay data before the 
test is repeated at higher speeds. Test speed is increased, for 
a range of altitudes, until the whole design flight regime is 
shown to be safe or until an incipient flutter condition is 
discovered . 

If a flutter suppression sys't’em is required, the flight 
flutter tests will verify the control system stability margins. 
The procedure is similar to the procedure followed in the wind 
tunnel flutter model tests (design network Block Vl-2) . 

Pr opuls i on — Goal: To establish the pertormance of the 
propulsion system. 

The noise characteristics will be measured, and the 
installed engine characteristics will be detcimined. Engine 
operating limits will be described, and fuel usage will be 
measured. The effectiveness of the thrust reversers will be 
demonstrated. The control and recovery characteristics ofthe 
inlet system will be established. 

R eliabi li ty A ssessment — Goal: To assure adequacy of the 
flight and ground testing from the standpoint of reliability and 
safety. 

A review of the Flight and Ground Test Plar prior to 
testing and review and analysis of test data is performed. 
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This assessment is manual for pre-test review. Test data 
reductions will be by EEL-6, BEL- 8, EEL-9, EEL-13. 

S ta b ility and Contro l — Goal: To certify the flying 
qualities of the airplane to meet appropriate regulations fox 
desirable handling qualities, for normal and foreseeable 
abnormal failure conditions, require extensive flight testing to 
meet requirements for the Federal Aviation Administration and 
possible other authorities such as the British Air Begistration 
Board. 

Stability and control are concerned with measuring flight 
behavior and tne correlation with estimated characteristics and 
the registration requirements. Also of importance in these 
tests are those characteristics which affect the performance of 
the airplane and its ability to meet guarantees, i.e., takeoff 
rotation speed and rotation rate, landing flare capability, 
minimum control speeds. 

Typical flight characteristics that will be measured are: 
roll response, stick forces, trim requirements, asymmetric 
thrust effects, dynamic responses due to control inputs, 
crosswind takeoff and landing capabilities, system railures, 
etc. 


Data taken from these flight tests will be analyzed and 
stored in the IPAD data bank. A flying qualities document will 
be continually updated to reflect the actual flight 
characteristics measured in flight test: flight simulator 
documents used for design, as well as flight training and 
demonstration will be updated similarly. 

B lock Viri-3 ♦ Funct iona l Te stin g — Goal (1): To prove 

acceptable operation of components and systems. 

System components are bench tested for compliance with 
prescribed operational requirements prior to installation on the 
airplane. 

Airplane systems are tested on the airplane for compliance 
with prescribed operation requirements. 

The functional tests are performed following procedures 
established by engineering, for example, the Wire Release System 
provides IBM card decks for use in functional testing of Boeing 
built electronic modules (Hughes FACT) and vendor supplied 
modules are tested by a Hawker-Siddley TBACE. Data for this 
does not come from the Wire Release System. 
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Goal (2): To assure adequacy of functional tesxing from 

the standpoint of reliability and safety. 

A review of functional test plans prior to testing and 
review and analysis of test data is performed. 

This assessment is manual for pre-test review. Test data 
reductions will oe by HEL-6, HEL-8, HEL-9, EEL-13. 

Bloc h V llI-4. Su miaa rize a nd Review — Goal: To provide the 

Engineering, Finance, Manufacturing organizations. Program 
Management and the Customer {according to contractual 

obligations) a current status of the product definition. 

Bloc k VIII-5. Proble m Requ i ring R edesiq n ? — Goal: To 

monitor the verification processes and determine which parts 
need redesign. These parts will be returned to Level VI for 
review and redesign. The data base mauagemont system will 

retain tne information describing the nature of the difficulty- 

Block VIlI-6. C er tif ic ation — Certification is a ma;]or 

milestone- Once all the required airframe, flight, ground and 
functional tests have neon satisfied, and certification has been 
obtained, the product can enter the in-service phase. 


4.3. 3. 9 Level IX - Product Support 

This Level is concerned with collecting information 
required to support the product once it is in service. Its 
performance and other inservice information will be continually 
monitored by entering data in the data base and using the 
capabilities of the IPAD data base management system. 

B loc k lX-l_i. In -Se r vic e Parts Histories — These will be 

monitored to detect problems, and to enrich the statistical data 
base for the Preliminary Design Levels. for example, the Sira 
Release System (STM-22) Technical Program Element will maintain 
wiring and equipment data for each airplane throughout its 
service life, including any mod if icafions made after delivery. 

In addition, after an airplane has entered commercial 
service, maintenance activity such as part replacement, both 
scheduled and unscheduled, retrofit kit installation, and system 
failures, are important to develop improvement on current and 
future programs. These parameters are used to update the data 
base by airplane units. Customer Engineering can request 
extracts of this type of information. 
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also, the reliability data base is updated for the benefit 
of the followxng technxcal program elements; EEL-6, -9, -11» 

-12, -15, -16, -17, -28, -29, -30, and -31. 

S iQ c k I X-2. In-Service lo^ Factors by Rout e- - 1 h x s 

information enters the marketing data base for marketing 
estimates of current and projected new products. 

B lock IX-3 . In-Service Airplane P erformance Change s — This 

information is made available to the data bases of the affected 
technical disciplines, where serious degradations will modify 
future designs. 

In-Serv ic e Sys t ems Performance — Performance of 

various systems will be recorded as the airplane is operated. 

Bl ock IX - 5. I n-Service Problem? — This will refer in- 

service problems back to Level VI for analysis and design 
revisions. 


4.3,3.10 Procedure - Equations of Motion 

The equations of motions are represented by the solution of 
a set of Technical Program Elements that appear frequently 
throughout the Preliminary Design Levels. The tasks that appear 
in this procedure are given below. 

Block ' EM-1 . Form Ma ss Ma t rix — Goal; To form standardized 

mass matrices which will contain for each pre-defined panel: 

1. Weight, 

2. Center of Gravity, 

3. Moments and products of inertia about the eg. 

This data will be subsequently modified by the analysis in 
Block EH-5 to transfer the mass data from, the panel eg to a 
reference axis used by the dynamic loads, flutter and flight 
controls analyses. 

In order to facilitate the analysis of various flignt 
conditions, there should be separate mass matrices developed 
for: 

1. wing (flaps up and down), 

2. Body, 
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3. Horizontal tail, 

4. Vertical taxi, 

5. (each) nacelle and strut, 

6. Landing gear (up and do’«n) , 

7. Payload, 

8. Fuel. 

The mass matrix wxll be developed by WTS-20. 

Block SH-2. Form Stxffness «at.rix — Goal: To form a 

stxffness matrix (reduced) for specxiied kxnematxc freedoms. 

The airframe xs structurally represented by fxnite element 
models idealized to levels of detaxl dependent upon the design 
level attained. Prom the appropriate finite element model, a 
reduced stiffness matrix may be generated for a given set of 
specified kinematic freedoms (STR-6) . 

Blo ck S H-3. Form Aerodyn a mic Infc l uence Coefficient 

Matrix — Goal: To establish an aerodynamic influence co- 

efficient matrix for use in the solution of the equations of 
motion . 

The formation of the AIC matrix is controlled by ARO-4, 
which monitors the solution of a well-panelled — (in the 
aerodynamic sense) AIC matrix, then shrinks it into a more 
managable size for subsequent loads analysis. The loads for the 
matrix are actually formed by ARO-h, wiiich in turn relies on 
ARO-6 for the interference of the body on tne wing. Kings, 
empennages, bodies and nacelles are modelled. The solution is 
valid from Mach = 0 through Mach = 5, with a continuous solution 
through Macn = 1. The load distribution is still usable in the 
transonic regime, although accurate surface pressures are not 
providea where mixed flow exists. 

B lo ck EM-4. Establish Trim Point s — Goal: Compute angle of 

attack, sideslip, and control surface settings required for 
trim. 

Trim points are usually computed for level flight. 
However, a steady climb, vertical acceleration, steady 

turn, and sideslip are also valid initial conditions. The trim 
points are computed (S5C-16) by iterating upon the mass matrix 
(Block EM-1) , the stiffness matrix (Block EM-2) , and the 
aerodynamic influence coefficient matrix (Block EM-3). These 
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calculations are tine consuming due to the large matrix size. 
Hence, an alternate approach «ill be to build tables of trim 
points for several Mach number, altitude, and weight conditions. 
Subsequent trim point calculations will consist of only a table 
look-up. 

Blo c k EH-b. Natural Vibration Mode s — Goal: Hodal analysis 

is used throughout the industry when doing a flutter, dynamic 
loads, or an elastic flight control system analysis. The 
initial step in any of these analysis is to obtain the natural 
vibration modes of the airplane. 

The natural vibration modes program (SDL-1) is used to 
calculate both symmetric and anti-symmetric free-free mode 
shapes. An option is included to be able to also calculate 
cantilever modes. The free-free mode shapes are calculated 
directly using a mass matrix and a free-free stiffness matrix 
from Blocks Ed-l and SH-2 respectively. Included in the output 
with the mode shapes are modal frequencies, generalized inertia 
matrix and generalized stiffness matrix. 

The entire mode shape calculation would be automatic at 
this design level. 

Block EH- 6. Opt i on? — Goal: Determine which option to be 

selected tor generating equations of motion. 

This decision is computerized. Two decisions are allowed 
namely flutter or quasi-steady. If flatter option is selected. 
Blocks EH-7, EM-8, EM-9 will be executed. Otherwise, EM-10 and 
EH-11 will be executed. 

Block EM- 7. Interp o latio n — Goal: Provide modal values at 

aerodynamic control points. 

The modal values of normal deflection and streamwise slopes 
at aerodynamic control points will be interpolated from the 
vibration modes at the lifting surface structural node points 
(calculated in Block EM-5) . The interpolation is done by either 
a general beam spline (SFL-15) or by a surface spline method 
(SFL-14) . These interpolated modal values will be required for 
executing the lifting surface oscillatory aeroaynamic programs 
described in Block EM-8. 

Block E M-8. Un steady A erodynamic s--Goal: Provide 

generalized force matrices for flutter analysis. 

Generalized force matrices arc calculated by executing 
unsteady airloads program. 
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The state-of-the-art lifting surface unsteady aerodynamics 
are used for flutter analysis of refined configurations. 
Programs identifxed as SPL-3 through SFL-8 and SFL-16 through 
SFL-20, will provide the capability of predicting oscillatory 
airloads on single planar lifting surface, single rigid cowl, 
main surface with leading edge and trailing edge control 
surface (s) and tab, wing-body, wing-taii, wing-cowl, T-tail, V- 
tail, and other general configurations. 

Generalized rorce matrices may be interpolated with respect 
to reduced frequency at a certain Kach number using SFL-9. 

Blo ck E fl-9 ♦ F orm Flutter MaT ri ces --Goal : Formulate the 

equations of motion for flutter analysis. 

Flutter matrices are consisted of generalized mass and 
stiffness matrices {Block EH-5) and generalized forces matrices 
(Block EH-8) . These matrices are formulated, along with speed, 
altitude, and Mach number, as coefficient matrices of a system 
of second order ordinary differential equations (SFL-10, SFL-11, 
SFL-12). Additional equations may be required to account tor 
the presense of actuators (FCS-13) and control system feedbacks. 

Bloc k E M- 1 0 . Force M at ri ce s — Goal: The generalized force 

matrices are required to calculate both the quasi-steady 
equations of motion (EK-11) and the load equations except 
accelerations in the dynamic loads event Block IV-42. 

The generalized force matrix program (SDL-2) will use the 
aerodynamic influence coefficient matrix (EK-3) , rigid body 
modes, natural vibration modes (FH-5) , mass matrix (EM-1) , and 
wind tunnel model corrections from the IPAD data base ~to 
generate panel aerodynamic and inertia forces on the airplane. 

A knotfledgable engineer will be required to intervene if 
problems aevelop during on-line operation. 

blo ck EM- 11. Qua si- S teady Eq u ations of Mo tio n — Goal : The 

quasi-steady equations of motion are required iii the solution of 
the elastic dynamic airplane for flight controls system analysis 
and dynamic loads analysis. 

Tho unaugmeiited equations of motion program (SDL-2) uses as 
input data from the force matrices (EM-10) and natural vibration 
modes {EM-5) . The approach used in generating the equations of 
motion is the energy approach or more specifically the "Lagrange 
method." The program would be semi-automatic and would require 
an engineer to guide it during off-line operation. 
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4.4 OTHEE VEHICLES 


4.4.1 Ma v al Hydrofoil 

A brief study was made of a naval hydrofoil, intended 
primarily for patrol and antisubmarine assignements, powered by 
a water- jet system both when hullborne and when foilborne. 

This study was made because it is not an aircraft geometry 
yet is a complex, highly integrated vehicle for which 
considerable experience was available locally within The Boeing 
Company. Brief design networks for Product Levels II, III . and 
IV were established, with the result that the hydrofoil fit the 
Product Levels concept as well as did Project 1 and 2. The 
required Technical Program Elements were not collected and the 
computing resources required to support this project were not 
identified. However, the naval hydrofoil evaluated is 
considered smaller in required computing resources than Progect 
1 . 


4.4.1. 1 Design Networks 

The design and analysis network indicating the design tasks 
for the military hydrofoil is shown on figure 4.8. The product 
levels shown (see fig. 4.1, page 24 ), are Level II, Design 
Criteria Selection, Level III, Configuration Sizing, and Level 
IV, Configuration Refinement. A narrative description follows 
the networks. 


4.4. 1.2 Network Activities Descriptions 

Level II D esign C riteri a Select ion — The goal of Level II is 
to select the design mission and criteria for the subsequent 
design. Some very brief analysis and design logic will be 
required to support the selection of these criteria. 

Blo ck ll- l. Develop L ev el II Inputs — The data stream for 

this project begins with Level II. The initial inputs will be 
derived from two sources. The user will provide specific inputs 
such as the problem constraints, performance requirements and 
technology time period. The last item will point to groups of 
data in the data base required to support the various technical 
disciplines. Level II is intended to be executed without 
interruption, therefore, all the inputs required for Level II 
should be given at the beginning. 
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LEVEL II - DESIGN CRITERIA SELECTIONS 



Figure >1.8 Design Networks- Naval Hydrofoil 
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LEVEL m - CONFIGURATION SIZING 



Figure 4-. 8 Design Networks- Naval Hydrofoil (Continued) 
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LEVEL 111 - (Continued) 



'Figure M-.8 Design Networks- Naval Hydrofoil (Continued) 


256 



LEVEL IV - CONFIGURATION REFINEMENT 



Figure 4.8 Design Networks- Naval Hydrofoil (Continued) ' 











Blo c k II-2. Propose Mission Begui r ements — The mission 

requirements of payload volume and weight, endurance, speed, 
range and maneuverability are specified. These will be analyzed 
to see how they compare against the principal design threat. 

B lock I I-3. Sele c t Design fiequirements a nd Criteria — G i ve n 
the above" statement about the design mission, design 
requirements are stated or calculated covering takeoff weight, 
stability, foilborne impact damage, structural criteria and 
materials, hull types, and so forth. Some of this information 
will be user supplied, and some will come from the technology 
base . 

gjo ck I I-4. Ca lc ulat e Ibil lal Geometry — The in it lal 

geometry design and interior arrangements will be done to the 
selected design criteria with building blocks of inf ormation.^ 
Typical information includes the parent hull shape, foil-strut- 
duct arrangement, foil section and shape, engine model, pump 
model, location of decks, bulkheads, major components, and so 
forth. These data will guide the subsequent design process. 

L evel II I C on f igurat ion Sizing — The goal of Level III is to 
size candidate configuration to the design mission and ciiteria. 
The sizing logic should be constructed to be executed with 
minimal user intervention. 

b lock I I I-l . Develop Level III Input s — The development of 

inputs for Level III will be similar to Level II for the 
categories of user and data base information. However, in many 
cases a Level III execution will begin from a Level II solution. 
In these instances, tne preparation of information required by 
Level III from Level II results is to be done by automatic 
processes. These default calculations will be approved and 
corrected by the user prior to execution of Level III. 

It will be desirable, but not necessary, to execute Level 
III without interruptions, so that the input information for the 
entire execution should be available at the beginning. The user 
may monitor the solution, especially in cases where optimization 
is being done, to interrupt, correct, then restart a solution. 

Blo ck 111-2. Calculate Hull Geo m etry and H ydrodynamic s — 

This activity will produce a hull shape (hull lines) from the 
parent hull geometry. The design rules will develop a hull that 
satisfies the current volume constraints. Then, the lead 
capability, drag and righting moments of the hull while 
waterborne are determined. 
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Block III- 3. Cal culat e Foil-Strut- Du ct Inlet Geometry 

a nd HydrodYflaiaxc s — The foils are sized to provide the required 
lift. The strut is sized to contain the duct carrying the water 
to the pump for the waterjet and to satisfy stiffness criteria. 
The inlet geometry is fitted to the strut-foil intersection. 
The lift, drag and moment characteristics of the total foil- 
strut-inlet geomtry are predicted. 

Blo ck Ill -h. Calcu la te D r ag and Size Ha terget S ystem — The 

total drag of the configuration, both hullborne and torlborne, 
IS determined. The internal drag of the waterjet ducts is 
predicted. This allows a calculation of the required thrust for 
takeoff, hullborne and foilborne conditions. The maximum thrust 
required gives the design mass flow of water, which is used to 
size the waterjet pumps. 

B lock II 1-5. In let D uct OK? — In Block III- 3 and -4, an 

inlet duct was assumed (first pass) or determined by previous 
analysis {other than first pass). With the mass flow of water 
determined in Block I1I-4, the flow velocity in the inlet ducts 
can be determined. If the velocity is too nigh, xhe ducts will 
have to be resized, and the solution must return to Block III-3. 

Block III-6. Size Engines — The hullborne an foilborne 

engines (if different) are sized to the requirements established 
in the earlier Blocks. 

Block III- 7. Size Subs ys te ms — The various ship subsystems 

(hydraulic, electrical, pneumatic, etc.) are sized to support 
the design mission and its requirements. 

Block III-8 . Cal cu late Arra ngemen ts — Now that ail the 

subsystems, engines and pumps have been sized, an interior 
arrangement is calculated. These items are placed in the hull, 
then the stoces (fuel and supplies) are calculated, and the 
arrangement is completed by finding space for these and for the 
remaining deck arrangements. 

Bl ock I II-9. V olum e OK? — This is an automatic decision, 

unless the user might wish to attempt to do an arrangement 
himself. If there is not sifficient volume, the design process 
must return to Block. III-2 to enlarge the hull and resize the 
design- Also, if the current design has too much volume, the 
design may return to Block III-2 to scale down the hull. 

Block IIl-lQ. Hydrofo il Acceptable? — This is a user review 

of a correctly sized configuration. The design modules may 
produce a design that would be unacceptable for some unusual 
reason. If the hydrofoil is acceptable, design proceeds to 
Level IV. 
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B lock Ill-ll. Hodify C rit<iEia for Hydrofoil? — lli er e ar e 

two options from a negative result in Block III-IO. The user 
may elect to retain the design mission and criteria and return 
to the beginning of Level III to resize, using different sizing 
rules this time. On the other hand, the hydrofoil configuration 
sized by Level III, although unexpected, may have some desirable 
features. The user may return the design sequence to Level II 
to alter the design mission and criteria, in order to introduce 
some of these desirable features of the current design- 

L evel IV Co nf iguration Ref in emen t-The goal of Level IV is 
to refine a configuration by applying more advanced analysis 
methods to the design. 

Blo^k iV- 1. Develop L eve l IV Inputs — The design and 

analysis activities of Level III have enriched the data base 
about the configuration. These new data, as well as criteria 
and constraints from Level II, will be put into forms suitable 
for the Level III analysis methods. This action will be 
supported primarily by the IPAD data base manager. 

Additionally, user inputs and information from the data case not 
previously required will be established. This activity is shown 
symbolically at the head ot Level IV, but due to the interactive 
nature of Level IV, the data preparation activity may be done 
selectively throughout Level IV. 

Block I V-2. Loads A naly s is — Detailed hydrodynamic loads 

are determined in various sea states for waterborne and 
foilborne conditions. Impact loads are estimated. 

Block IV-3. P rimar y S tructural Sizi ng — The hull and foil 

primary structure is sized to the loads developed above. Beam 
theory will be used where possible, but finite element analysis 
will be used for the more critical areas. 

Block IV Ca lcul ate W e ig_^ a nd Moment — The hydrofoil 

weight and moments can be determined with good reliability, now 
that the hull size, systems and structure are all sized 
together. This weight determination will use primary weights by 
analysis, with statistical weights for secondary structure other 
than known components. 

Block IY-5. We igh t OK? — A preliminary weight estimate was 

made back in SlocK III-8, in order to calculate the fuel 
required. If that weight estimate is not in close agreement 
with the more accurate estimate of Block IV-4, then the design 
sequence must return to the start of Level III for resizing. 

B lo ck IV- 6. Analyz e Perf o rmanc e — The performance of the 

configuration may be accurately determined, now that the 
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conf igur atioD is sj.zed and the weight; is determined for the 
sized structure. 

B lock IV-7. Hydrostatic Rnalyses — The static stability of 

the hydrofoil is predicted for the intact geometry, damaged 
geometry and for the effect of wind loads. 

Blo ck 17-8 . Control Analysis — The control system for the 

foils will be synthesized and analyzed for directional 
stability, controlability and sea state response. The hydraulic 
reguirements to actuate the control system will be established. 

Block 17-9 . Hydro fo il A cceptable? — The designer, with 

system support, will review the hydrofoil and determine if it is 
suitable for continued work in Level 7. 

B lock 17-1 0. Mo d ify Cr i teri a or Hydrofoil? — There are two 

options from a negative result in Block 17-9. The designer may 
elect to retain the design mission and criteria and return to 
the beginning of Level III to resize, using different sizing 
rules this time. On the other hand, the hydrofoil configuration 
refined by Level IV may have some desirable features- The 
designer may return to Level II to alter the design mission and 
criteria, in order to introduce some of these desirable features 
of the current design. 


4,4.2 M ilit ary Ai rcraft 

No specific study was made of military aircraft, however, 
they would be similar to the commercial aircraft studiea and the 
following comments apply. 


4.4. 2.1 Military Transport Aircraft 

Tanker, cargo and passenger aircraft wall be identical to 
the Project 1 subsonic transport except where military criteria 
differs from federal Aviation Begulations and commercial 
aircraft design standards. 


4. 4, 2. 2 Military Tactical and Strategic Aircraft 

Subsonic and supersonic military aircraft will be similar 
to Project 1 and Project 2, however, new sizing geometry modules 
for Levels II and III are required. These modules must respond 
to the military mission and design criteria. 
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5.0 OPTIMIZATION 


5-1 OPTIMIZATION CONSIDERATIONS IN IPAD 

The capability to optiraxze an airplane conf xguration xs a 
prxmary IPAD r equxreraent . In additxon, IPAD must support the 
general design optimxzatxon problem which xs dxscussed in the 
sectxon on suboptxmxzat xon . The elements of the overall 
axrplane optxmxzatxon problem can be xdentxfied xn the following 
three categorxes. 

1- l£^£sndent D es xqn Var iab l es . The xndependent desxgn 
varxables ”*are controlled by the desxgner and determine the 
overall general arrangement of the aircraft. Tne followxng are 
examples of xndependent variables for several ma 3 or components 
of the axrcraft. 

Wxng and Empennage 

Axrfoil section, aspect ratxo, taper ratio, sweep 
angle, thxckness forms, camber form and loadxng 
of the aerodynamxc surfaces. 

Fuselage 

Payload, control cabxn, body cross sectxon, body 
fxneness ratio, empennage arrangement and 
propulsxon arrangement. 

Propulsxon 

Engine cycle, sea level static thrust, cruxse 
thrust, number of engines, and propulsion 
arrangement. 

2. Eg ual x ty and inequal i ty Des xqn C onstr a in ts. Desxgn 
constraints are generally performance requirements whxch are 
derived by marketing from customer requirements or are 
requirements established by regulations and good desxgn 
practices. To reduce the cost of the optimization problem, it 
xs desirable to express these as inequalities. The following 
are examples of design constraints- 

Range, payload, field length, approach speed, initial 
cruise speed, initial cruise altitude, buffet margins, 
engine out altitude, etc. 
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De pe ndent Objective Vari ables. The dependent 
ob;)ective variables are generally measures of efficxency or 
merit and fall into the following categories. 

I . 

Variables to be minimized 

Takeoff gross we^ight, operating empty weight, 
wing area, drag, ^ specif ic fuel consumption, 

direct operating cost-, etc. 

Variables to be maximized 

Lift to drag ratio, payload to maximum gross 
weight ratio, airline return on investment, etc. 


5.2 OPTIMIZATION STRATEGY 

it 

The application of three basic optimization strategies are 
''proposed for IPAD. First, the strategy of d irect optimization 
.'uses mathematical processes to perform automatic optimization. 
Various algorithms are collected into a "driver" that, controls 
the process of the solution to an optimum. The number of 
variables is restricted to a small number {less than 10) and 
there is only one figure of merit- Second, the strategy of 
tr ad e- off studies allows the user to evaluate a range of 
solutions around the local optimum. These solutions are needed 
because of multiple objectives that cannot be stated, or because 
there are too many variables for the direct optimization 
process. Third, the user optimizes the design thru a process of 
successively more accurate analytical modelling. This process 
is termed sequential model refining. 

These optimization, ,, strategies and their potential 
applications to the design networks are discussed in more detail 
in the following sections. However, before proceeding, some 
'.mathematical definitions must be stated. The principle 
’objective of preliminary design is to determine an airplane 
configuration (defined by d esign va riables) that meets a set of 
specified performance requirements ( desi gn c onstraints ) . Design 
variables can be denoted by x = (Xj^, x^, ..., x^ ), and it is 

assumed that they can take any value within predetermined 
boun ds , 

- ’^l - ^2 - ^2-^2' * ' * ^ ^ 

* Design constraints can be expressed as a series of 
; inequa lities 

g^ (X) > 0, j = 1, 2, . . . , J (5.2) 
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or equations 


hi (x) = 0, 1 = 1, 2, I (5.3) 

It IS desirable to relate an airplane satisfying Equations (5.1), 
(5.2) and (5.3) to a selected set of objectives (obj ect ive or 
merit fu nction s) . The design problem can be put into the 
following form: 

minimize fj^(x), maximize fg(x), maximize 
maximize f|^(x) , ... etc. 
subject to the design constraints 


(X) > 0, hi(x) = 0, a < X < b (5.5) 

j ='l, 2, j and i = 1, 2, ..., I 


The functions f ^^(x) , fg(x) , ... constitute a number of 

ob ject iv e fu nctions of the design process and usually no 
one of them can be picked out as the sole objective. 

To obtain a mathematically tractable problem. Equations 
(5.4) and (5.5) need to be transformed into a problem with a 
single objective function. One approach is to use as 
the objective function a weighted sum of f^(x), f 2 (x),...,: 

^ (X) = W3^fj^(x) + * 

The weighted sum approach introduces the difficulty of 
selecting proper values for the weighting factors wj, 
which represent the relative importance of the objective 
functions, and makes it difficult to interpret the meaning 
of the final optimum solution. A better approach is to 
select one of the partial objectives f,(x), fp(x), ... 

as the new objective function f (x) and constrain the 
others. Therefore: 

minimize f (x) 

subject to 

fl(x) < f 2 - ^2' **• (5.6) 

g^(x) > 0, hj(x) = 0, a < X < b 


f 2 ^ ' 

(5.4) 
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5.2. 1 Dir ect (Explicit) Op t im i zati on 

Equation (5.6) belongs to a class of optimization called 
nonlinear programming and will be further referred to as direct 
or e xp licit optimization. Mathematical processes representing 
these algorithms are programmed into a "driver" that controls 
the optimization process. The driver is capable of searching an 
optimum without human intervention. The choice of reliable and 
efficient techniques for handling any particular optimization 
problem is a function of the problem’s complexity, structure and 
size. The cnaracteristics of the configuration optimization 
problem are as follows: 

1. Relatively few design variables, typically of the 
order of ten or less. 

2. The starting configuration for the optimization 

process is a feasible solution, and it usually well 
approximates the optimal solution. 

3. The variable ranges in which the optimum is to be 
located are limited in size. 

4. The variables and functions that are the partial 
objectives of the optimization are competitive and are 
functions of many of the design variables. 

5. The matnematical processes involved in computing the 
objective function and constraints in terms of the 
design variables are complicated and their derivatives 
cannot be computed analytically. 

Items 1 and 2 insure a reasonable speed (small number of 
iterations) and a reasonable cost for the optimization process. 
Item 3 helps locate the global solution and limit the tendency 
for the number of iterations to increase unreasonably. Item 4 
indicates the need to reduce the original formulation of the 
configuration optimization with several partial objectives to 
one with a single objective function. I'inally, Item 5 suggests 
that optimization algorithms which do not require partial 
derivatives would be easier to implement than methods which do 
require derivatives. 


5.2.2 Trad e-O ff Studies 

A single optimum solution may be of limited value to the 
designer, who typically desires to explore some range of 
solutions about an optimum (or several local optima) before 
committing to a final configuration. This desire for a range of 
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solutions is met by trade-off studies achieved by sensitivity 
analysis, where the designer controls the trade by modifying th^e 
formulation of the optimization problem. Trade-off studies arp 
reguired for many reasons. For example, multiple objective 
functions, such as designing the first member of a family of 
airplanes, may prevent a clear for-mulation of the merit 
variables or functions. Also, competing configuration 
arrangements such as engines on the wing as opposed to engines 
on the aft body, may have features that cannot be assigned a 
definite merit value, such as center of gravity limits reguired 
for passenger and cargo loadability. In general, it is 
frequently impossible to include in the mathematical model every 
consideration that must be taken into account. Also, special 
customer requirements may alter one or more objectives of the 
optimization process from those desired for the general case. 

Finally, it may also be desirable to test the sensitivity 
of the optimal solution to any data inaccuracies, by repeating 
optimization with different sets of input data or parameters 
describing a particular mathematical model of the designed 
vehicle. The sensitivity analysis will be carried out in the 
IPAD system by the following types of computations: 

1. Change of the objective function and constraints 
caused by changes in the value of x (single design 
variable) with other variables fixed. 

2. Change in the optimum solution due to modifications of 
constraints, (e.g., tightening or relaxing the 
constraints) . 

3. Effect on the objective function of reducing or 
enlarging the set of design variables and repeating 
the optimization process with the modified set of 
design variables’. 


5-2.3 Sequent ia l H odel Befi ninq 

Sequential model rerining is not a formal mathematical 
process. It is the process whereny a given design is optimized 
as a result of successively more accurate analytical modeling. 
The sequence will in general start at a lower design level, then 
proceed upward througn the higher levels- Trade-off studies or 
even direct optimization may be performed at each stage of the 
model refinement. This optimization technique is entirely at 
the control of the user. 
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5.3 OPTIHIZaTION APPLICATION POE PEOJECT 1 AND 2 


5.3.1 C on f iqurat xon Op timizatio n 

Figure 5. 1 shows the application of the optimization 
strategies discussed in Section 5.2 to the Design Levels of 
Projects 1 and 2. In Level II and the geometry sizing portion 
of Level III, the entire configuration will be optimized. 
Mathematical programming (direct) techniques will be used as the 
main optimization tool and will be supplemented by trade-off 
studies to explore the neighborhood of a locally optimal 
solution. The purpose of trade-off studies is to identify a 
range of designs in this neighborhood and determine their 
sensitivity to changes of the design variables and problem 
formulation (performance requirements and ob:)ectives) . 

Figure 5.2 relates configuration optimization to the detail 
design networks for Projects 1 and 2. In Level II, the process 
of finding the most desirable design criteria and mission will 
be aided by determining an optimum configuration. This will 
provide reasonably optimistic performance data for the marketing 
analysis. In the first part of Level III (Configuration 
Sizing), the configuration optimization will benefit both from 
a more thoroughly defined configuration and from a more exact 
performance analysis. The latter is important in that the Level 
II approximations in performance methods can result in 
underestimation of vehicle capabilities. 

Figure 5.3 shows the type of information required for a 
configuration optimization problem. The configuration 
arrangement is given first. The basic geometry, for example, 
the number and location of engines, or the wing technology, is 
selected and defines the class of configuration being optimized. 
The ob^jective function f(x), which will be the measure of the 
optimization process, is selected. This may be a single 
variable, for example, direct operating cost or airline profits. 
There may also be several other partial objectives to be 
optimized, in which case one of them is selected as a principal 
objective function, and others are constrained (added to the set 
of constraints) .- 

The design variables which are automatically adjusted by 
the optimization driver are selected, for example, wing area and 
wing aspect ratio. Variations in these design parameters will 
control the configuration sizing as an optimum is sought. 
Lastly, the constraints and requirements bounding the range of 
the solutions are given. These may be expressed as either 
equality or inequality constraints. Examples would be airplane 
range and field length. The final formal definition of the 
configuration optimization will be based on problem (5.6). 
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Figure 5.1 Optimization Strategy- Project I and Project 2 
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Configuration Optimization- Project 1 and Project 2 


269 







• 

GIVEN CONFIGURATION ARRANGEMENT 



• 

BASIC GEOMETRY SELECTED 




• NUMBER AND LOCATION OF 

• WING TECHNOLOGY 

• ETC, 

ENGINES 

• 

CHOOSE OBJECTIVE FUNCTION - 



• 

(MIN) DIRECT OPERATING COST OR 

(MAX) PAYLOAD TO MAX. GROSS WEIGHT RATIO 

• 

SELECT DESIGN VARIABLES 



• 

WING AREA 



• 

WING ASPECT RATIO 



• 

ETC. 


• 

INDICATE EQUALITY AND INEQUALITY CONSTRAINTS 
REQUIREMENTS) 

(PERFORMANCE 


• 

RANGE 



• 

FIELD LENGTH 



• 

ETC. 



Figure 5.3 Example - Configuration Optimization 
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5.3.2 S uboptimization 

Beginning with the second part of Level III, optimization 
will be applied within separate technical disciplines and sub- 
disciplines. It IS therefore defined as subo pti mization , which 
will use direct optimization methods, trade-off studies, and 
techniques of sequential model refining. Typical examples of 
the suboptimization problems in the design process are: 

1. Optimization of engine performance - the specific fuel 
consumption is optimized for given flight conditions, 

2 . Optimization of wing structures - weight or drag and 
weight under the stress, natural frequency and 
geometric limitations are minimized- 

3. Optimization of stability and control - a control 
vector IS searched such that the performance index is 
mi nimized. 

4 . Optimization of flutter prevention designs - the 
structural weights and fixed weights which are added 
to the structure in order to obtain a desirable 
flatter performance are minimized. Principal design 
variables are rescaling factors of the structural 
stiffness and corresponding structural weights. 
Constraints of the problem include the configuration 
limitations and the specified flutter speed. 


The results of suboptimization within disciplines and 
subd isciplines are coordinated and synthesized to yield an 
optimal (or nearly optimal) solution for each magor design unit. 
An example might be the wing design which involves several 
disciplines such as aerodynamics, structures and weights, 
stability and control, and flutter analysis (see Fig. 5.4). The 
basic idea behind the concept of suboptimization is ro decompose 
design problems which are too large to be solved in one place. 
The decomposition of this type results in: 

1. Reduction of the complexity of analysis and related 
optimization problem, 

2. Separation of objective functions and design variables 
into smaller groups within one discipline or sub- 
discipline. 

Furthermore, the formulation of a major design unit such as 
a wing can be considered as a suboptimization problem related to 
the design of an entire airplane. Thus, the airplane design can 
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Figure 5.^ Suboptimization Concept (Decomposition and Multilevel Optimization) 
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be vxewed as a pyramid- structured multilevel analysis and 
optimization process. 

From the preliminary design viewpoint the highest in the 
hierarchy is the configuration optimization problem where the 
major decisions defining an airplane are made. Results of this 
optimization are inputs to the lower level suboptimization 
problems whose outputs in turn define in more detail the 
subsystems and parts of the total design. This multilevel 
optimization and design process is executed essentially from the 
toE of iil® of th e pyrami d to the b ott om. It is, however, 
possible to have a looping effect, where a lower level 
optimization causes the repetition of analysis and optimization 
at higher levels. 


5,4 OPTIMIZATION METHODS AND ALGORITHMS 

As shown in Section 5.3 the configuration optimization 
problem is formulated on the constrained optimization problem 
and will be solved by mathematical programming methods. The 
methods should be able to use initial feasible or nearly 
feasible solutions and to obey the reguirement constraints in 
the form of inequalities- 

If the most accurate models defining the objective 

function, constraints, and variables were used for the 
optimization process, then the cost of an optimized solution 
might be so large as to restrict its effective use. To bring 
the costs into acceptable range three techniques will be used: 

1. Method simplification, where coding changes are made 
to simplify the operational modules which define the 
functions involved in optimization, 

2. Model simplification, where the solution methods are 
made faster by using the same method but reducing the 
detail of the mathematical modelling, 

3. Limit variable range, which may allow coding 

reductions by easing requirements on some of the 
methods. 

All three techniques may be used in a sequential manner, 
i.e. , may be applied to a sequence of problems in the order of 
increasing level of technical detail. This approach implies 
that special Technical Program Elements (TPE’s) may be written 
for the purpose of optimization, as opposed to the TPE's used in 
the analysis mode. These TPE's will represent simplified models 
and methods used in the design process and will lead to 
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efficient computations in the optimization mode. After the 
optimization process is completed, a final check of the 
computations will be performed using the more detailed analysis 
modules. 

The candidate mathematical programming methods for tne 
configuration optimization should satisfy the following 
requirements : 

1. Use a small number of function evaluations in the 
total optimization process (rapid convergence) . 

2. Accept non-optimum but feasible initial configuration. 

5. Handle inequality constraints- 

4. Distinguish between soft constraints (desirable 
limitations) and hard constraints that must be 
satisfied by an optimal solution. 

All the existing optimization methods will, in general, 
yield the position of one of the constrained local optima of the 
objective function which may not be the global optimum. It is 
usually desirable to find the global optimum as well as all the 
local optima, at least those close in value to the global 
solution. The multiple solution provides the designer with 
different options of design within the framework of the model 
and data being considered. The multiple optimal solutions can 
ne obtained by repeatea optimizations starting from different 
initial designs. 

It IS unlikely that any single constrained optimization 
method would ’satisfy all these requirements. It is, therefore, 
suggested that a package of optimization methods be used. Such 
a package will include several methods, e.g., steepest descent, 
variable metric, evolutionary operation simplex, random jumping, 
etc. An example of a combination program of this nature is 
AESOP or GfiOPS (Ref. 1 and 2) . Detailed descriptions of a wide 
variety of methods that may be included as optimization 
Technical Program Elements for the IPAD system can be found in 
Reference 3. These combination programs will also require other 
metiiods related to the configuration optimization and sub- 
optimization problems; e.g., overdetermined system of algebraic 
equation solver which is used to find designs satisfying 
constraints (feasible) but not necessarily optimal. 
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5.5 SYSTEH IMPLICMIONS 


The use of optimizatxon imposes several requirements on the 
IPAD system. The user will have to be able to specify the 
objective function, the constraints and the independent design 
variables. The user will also specify the computational flow, 
that is, the execution sequence of the modules that will provide 
the optimizer Technical Program Elements with the required 
information. 

Having formulated the problem, the user will select the 
methods or algorithms of optimization to be used. Once the 
program execution has begun and the optimization uriver is 
controlling the solution, the user will want to have 
intermediate results reported. These may cause the user to 
interrupt the solution, modify some ot the initial information 
and restart the optimization process. 

The requirements imposed by the use of optimization will be 
accommodated by the IPAD capabilities ot 1) gob construction and 
2) interactive mode of computing. A substantial level of man- 
machine interaction can save a great deal of computation time 
required tor optimization. Users of IPAD will have to learn how 
to use IPAD'S optimization capabilities, match their problem 
with proper methods and interpret the results of optimization. 
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6.0 TECHNICAL PBOGEArf ELEMENTS 


6.1 BOEING TECHNICAL CODE SUEVEY 

A survey was conducted within Boeing to identify the 
technical code required to support the IPAD design networks of 
section 4.0. The timing and deprh of this study did not permit 
extending this technical code survey outside of Boeing. The 
purpose of this survey was to identify existing code suirafale 
for incorporation into IPAD and to identify the areas where 
suitable code does not exist. A catalog of 304 technical 
elements denoted Technical Program Elements (TPE) were collected 
by the team and are presented in Volume V. 


0.2 STATUS OP TECHNICAL PROGBAE ELEMENTS 


Appendix A of Volume VI lists a subset of the- Volume V 
catalog consisting of 65 TPE's which are recommended for initial 
implementation into IPAD. Approximately 75^- of this code exists 
at Boeing and it is assumed that similar code is available 
elsewhere. However, approximately 90fi of this Boeing code has 
been executed in an integrated design system and the data 
interface has been developed between these programs. The Volume 
VI cost estimate for implementation of the phase 1 operating 
modules {0M*s) is based on incorporation of these 65 TPE’s. 


The status of the entire Boeing TPE survey is presented in 
seciton 2 of Volume V. The status of each TPE has been 
identifed in one of tnree categories; Category 1 (Code 
available) indicates that the TPE is in current use or has been 
used. Category 2 (code under development) indicates that a TPE 
is being developed but is not yet operational. Category 3 (code 
not started) indicates that a TPE is required for IPAD but is 
not currently being developed at Boeing. In addition, a fourth 
category (cannot be coded) has been estimated. The fourth 
category cannot be measured and represents an estimate of that 
portion of the total man activities which cannot be brought into 
the man-machine environment in the sense that supporting code 
cannot be written for these activities. For example, this 
category includes judgmental decisions, day-to-day verbal and 
written communication, development testing, and sundry 
activities which require personal attention such as study, 
research of library information and trade gournals, travel, etc. 


Figure 6,1 and 6.2 show 
the two projects studied, 
transport and Project 2 is a 
This status includes the 


the status of code identified for 
Project 1 IS a subsonic commercial 
supersonic commercial transport, 
code required tor the preliminary 
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Figure 6.1 Technical Program Element Status - 

Project I “Subsonic Commercial Transport 
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Figure 6.2 Technical Program Element Status - 

Project 2- Supersonic Commercial Transport 
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design Levels II, III, IV and V and a few sample cases are 
included for the product levels. The measure of the three 
categories which can be coded is based on the number of cards of 
source code required and was extracted from Volume V. 
Therefore, this TPE survey represents the status of Boeing 
technical computer code for preliminary design as viewed by the 
members of the IPAD team. It xs further pointed out that this 
TPE survey relates to that portion of the total design effort 
which should be brought into the man-machine environment and in 
this sense relates primarily to the effort which identifies 
design requirements and sizing criteria. Detail design 
activities such as the interactive design of frames, floorbeams, 
system diagrams, wire diagrams, etc., are identified to a lesser 
degree and much development work is underway in these areas. 
However, there are many areas of detail design which generally 
do not follow patterns and it would be difficult to provide 
supporting coda. These areas include selection of items such as 
emergency equipment, special electronics items, color schemes, 
standard equipment, mounting brackets, etc. Much work is still 
required in the area of information retrieval to support a 
selection process in the areas of standard items, standard 
design practices, standard tooling information, standard parts 
release, factory planning instructions, etc. 
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7.0 CONCLUSIONS 


It IS concluded that product design in the aerospace field 
can be organized into a well-defined activity, and that a 
cotaputing system can be specified which will allow the user: 
community to improve the quality of the design and reduce the 
cost of the manufactured product. Specific conclusions have 
been arawn from the Task 1 work, 

1. The design processes for products such as subsonic and 
supersonic commercial transports can be characterized 
by subdividing the design process into manageable 
levels or hierarchies of activity. These levels must 
balance computing cost and time with the required 
accuracy of the results tnus allowing management the 
control it needs to get cost-effective results at each 
stage of the design. Resign networks can be used to 
plan design logic and the required computing sequence. 

2. Most of the tasks which require calculated data can 
be brought into the man-machine environment. These 
tasks will be done by individual users selectively 
executing the appropriate code using data taken from 
a carefully maintained data base. Also, the 
development of a design network for each product will 
produce a catalog of the existing and required code 
for that product. 

3. The design networks and the Management. Information 

System will proviue the capability to establish cost 
targets and a process to track ana compare cost 
information to the established cost targets. Since 
the Technical Program Elements for each technical 
discipline have increased computational requiremonts 
at each successive design network Level, the 

commitment to proceed to successive design Levels may 
be controlled by management to balance the degree of 
technical risk with the Level of design for «ach 
problem under investigation. 

4. Optimization wiii be applied throughout the product 

design process to improve the design solutions. The 
optimization processes will range from entirely 

automatic to entirely user— driven. 

5. The required sunport of the design process can be 

derived from design case studies. The IPAD System 
must support the user by maintaining the data base, 
providing the user with the ability to assemble ana 
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execute programs with ease, and giving aanagenent the 

information and means for effectively controlling the 

desxgn of the product. During all , of the user 

activity, the System must provide the means of 

preserving the integrity of both the Technical Program 
Element (technxcal code) and the data that is used, 
and must establish continuity of the tasks in the user 
community over the time xt takes to do the tasks. 
These requirements are presented in Volume III. 

6. An implementation goal can be given for the preferred 
technical development of IPAD: 

(a) Provide the code to do the preliminary design of 
the product first, as this will have the greatest 
effect on the performance of the product and will 
support the development of the IPAD system, 

(b) Develop the interface between the detail design 
and the manufacturing next, as this will produce 
the greatest product cost reduction. 

(c) Initiate development of some technical capability 
at all levels during the initial implementation 
phase. Subsequent extension will incorporate new 
capabilities as they are developed. 
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8.0 USER RECOMMENDATIONS FOR IMPLEMENTATION 


8.1 PURPOSE 

The purpose of user recommendations for implementation is 
to identify a brief concept which may provide guidance for an 
initial plan and an initial strategy for the development of the 
IPAD technical capability. Subsequent extension during the long 
term development is also considered. 


8.2 INITIAL IMPLEMENTAIION 

The initial implementation of IPAD should provide a 
suitable balance between technical capability and system 
capability. There must be adequate Technical Program Elements 
available to support tne development and check out of the IPAD 
System software and to provide the minimum technical capability 
which will permit an evaluation of of the IPAD concepts on some 
meaningful design case studies. 


3.2.1 Desig n and A na lysis C apabi l it y 

Broad user acceptance of IPAD should be enhanced if some 
initial technical capability is developed for each level during 
the initial implementation. The initial design and analysis 
capability for IPAD should be limited to modification of 
existing code and to the development of new code in a few design 
areas which are required to make the initial IPAD a useful 
design tool. This initial capability based primarily on 
existing code should establish an incentive which will lead 
toward immediate incorporation of new code into IPAD. The 
technical capability of all Levels can be expected to grow 
rapidly provided a minimal useful capability exists at the 
beginning for each Level. 


8.2. 1.1 Development of Technical Capability 

The initial implementation of the Project 1 subsonic class 
of airplanes should include Levels il AND iii of the design 
networks. This technical capability should be adequate to 
support the development and check out of the IPAD system. It 
will also provide a basis for calibration since it will be 
possible to relate the subsonic class of airplane to both 
existing in-service airplanes and to studies which are 
continually m progress for this class of airplane. 
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The initial implementation of the Project 2 supersonic 
class of airplanes should include level II and the geometry 
sizing part of Level III of the design networks. This technical 
capability would orient IPAD to future vehicles. This should 
help demonstrate the value of the IPAD System for evaluation of 
complex design studies for which past experience is limited. 

In addition, it is recommended that the interface with 
manufacturing at Level VI be initiated during the first 
implementation. This interface will be similar for both Project 
1 and Project 2 and should make IPAD complement Computer Aided 
Manufacturing (CAM) . 


3.2. 2 Techni ca l Pro gra m Elements Needed 

As a minimum, the Technical Program Elements identified in 
the Volume V for Levels II and III of Project 1 and Level II and 
the geometry sizing part of Level III of Project 2 are reguired. 
Also begin development of the Technical Program Elements to 
support the Management Information System for all Levels and the 
interactive part design at Levels V and VI for both Projects. 


8.2. 3 Benef i ts of In iti a l Impl em enta tion 

The benefits of the initial IPAD are expected to impact the 
aerospace industry in three major ways. 


8.2. 3.1 Design Cycle Time 

The time to develop a configuration size matched to market 
requirements should be greatly reduced. For example, the 
integrated sizing analysis in Level III for a subsonic airplane 
should only require about two and one half weeks compared to 
approximately eight weeks using standalone programs. Such 
reduction in time will be accomplished by reducing the input 
data requirements, through linking OM’s using the facilities of 
the IPAD System and by establishing a set of default variables 
which do not routinely change for specific classes of problems. 


8. 2. 3. 2 Data Base 

The data base management capabilities provided by the IPAD 
System should improve the communication of technical data 
between all disciplines. The development of a consistent data 
base for all .design, analysis and evaluation activities would be 
supported by this capability. The computational tasks of the 


283 



design networks could be done with the proper data, and in a 
timely manner as the correct data sets become available. 

The IPAD System should also provide for integrity of the 
data base. Sets of data should be protected from accidental or 
malicious tampering. The Technical Program Elements that 
calculate the values in the data sets should also be protected. 
In addition, it should be possible to trace the origin of a 
questionable data set, and to repeat the process of its 
generation. 


3. 2. 3. 3 Manufacturing 

Many present manufacturing facilities are highly 
computerized. In addition. Computer Aided Manufacturing (CAM) 
Systems are in various stages of study, implementation, or are 
presently in use. The IPAD System should provide technical 
information at the interface between design and manufacturing 
which can be transferred directly to computing facilities that 
support manufacturing. 

Providing manufacturing with a more accurate product 
technical definition early in the manufacturing process should 
reduce the number of changes required during manufacturing. The 
reduction in manufacturing changes and the improved 
communications between engineering and manufacturing may provide 
the greatest economic benefits from IPAD. 


8.3 LONG TERM DEVELOPMENT 

The long term development of IPAD should proceed as an 
orderly continuing process which is open ended. A development 
plan should be established which identifies the required funding 
and makes provision for implementation on advanced computing 
systems. 


8-3.1 D es ign and A na lys is Capabi li ty 

The design and analysis capability shoula be extended to 
include the remaining Levels of each project- This extension 
will likely be done with technology that is similar to today's 
capability. In the future, however, the technical disciplines 
in IPAD will tend more toward science and less toward art. The 
models of the product will be based on more fundamental physical 
laws than on compartmental empirical observations. For an 
example, the energy being produced fay the airframe as acoustic 
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energy may be theoretically calculated for the entire geometry, 
rather than being statistically predicted. 

As the trend to more scientific principles continues, some 
of the present technical disciplines may disappear and new ones 
may come into existence. These changes cannot, be predicted, 
however, the IPAD System must support the changing nature of the 
tasks associated with the design of the product. 


8.3.2 T ec hni ca l Pr ogram Ele ments Ne e ded 

As a minimum, a capability equivalent to the Technical 
Program Elements in Volume V is recommended. Then, each 
technical discipline will add Elements as the state of the art 
adva nces , 


8.3.3 Benefi t o f L ong Te rm D e velopme nt 

The benefits of long terra development will include those of 
short term implementation. But over tne long term, these 
benefits will spread to more products and more technical 
disciplines. This expansion will cover a long time period, and 
will expose the IPAD System to improvements not only in the 
technical disciplines but in the host hardware that IPAD exists 
on. 


The requirement that the IPAD System be adaptable and thus 
long lived will give continuity to the evolution of technology. 
Data banks developed with current technologies will become 
valuable bases for the development of technical advances. The 
design processes contained in the short terra IPAD development 
will be able to advance as the state-of-the-art of the technical 
disciplines advance. Over the long term, a long-lived IPAD 
System will provide valuable continuity to the evolution of 
products designed in the IPAD environment. 
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